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reziume 
 wevis gaangariSebas safuZvlad udevs moZraobis arawrfivi 
diferencialuri gantolebis integrireba. radgan moZraobis 
gantolebebi arawrfivia da dRemde msgavsi gantolebebis amoxsna 
SeuZlebelia iseTi formiT, rogorc es xdeba wrfivi 
diferencialuri gantolebebis SemTxvevaSi, bevri specialisti 
mimarTavda da dResac mimarTavs yvela tipis miaxloebiT 
(asimptotur) meTodebs. garda amisa sxvadasxva SezRudvebis gamo, 
rogoricaa CaWideba, wevis Zravis velis Sesusteba da a.S.  
rezultirebuli wevis maxasiaTebelis nawils xdis texils da 
arawrfivi formis mqones, rac, damatebiT problmebs qmnis 
amocanis gadawvetisas. am mizeziT, samwuxarod, diferencialuri 
gantolebis integrirebis ძiriTad meTods warmoadgens grafo-
analizuri (saangariSo-grafikuli) meTodები. saswavlo 
literaturaSi ki aRwerilia es meTodebi, rogorc erTaderTi da 
ualternativo.  
XXI saukuneSi, roca kompiuteruli teqnika mkvidrdeba 
adamianis moRvaweobis yvela sferoSi, aucilebelia aqcenti 
gakeTdes axal meTodebze Tanamedrove e.g.m.-is gamoyenebiT. 
gamoTvliTi teqnikis gamoyenebiT moZraobis gantolebis, rogorc 
analizuri, ise ricxviTi meTodiT amoxsnisas rTuldeba 
mosamzadebeli samuSaos Catarebis gamo, gansakuTrebiT bijis 
SerCevisas, es gamowveulia imiT, rom rkinigzis grZivi profilis 
monacemebi moicavs manZilis monakveTebs Δs  – sigrZiT 100, 150, 
200, 250m–s, romlis farglebSic icvleba rogorc qanobi, ise 
mosaxvevebis radiusebi da rkalis sigrZeebi. da amis realuri 
asaxva programaSi praqtikulad SeuZlebelia, radgan 
programirebis dros unda SemoviRoT cvalebadi biji, romlis 
dasawyisis da bolos fiqsireba praqtikulad SeuZlebelia  amis 
garda, mTliani informacia ubnebze, moZrav Semadgenlobaze 
gaivlis winaswar damuSavebas da organizdeba Sesabamisi 
biblioTekebiT, romelic inaxeba manqanis gare mexsierebaSi. 
amasTan aucilebelia e.g.m.-is mier moxdes profilis damuSaveba 
da saangariSo qanobis arCeva, matareblis masis da wonis 
gansazRvra, Semadgenlobaze moqmedi amaCqarebeli da 
Semanelebeli Zalebis gansazRvra da maTi maxasiaTebeli 
mrudebis ageba. yovelive es ganekuTvneba ganekuTvneba 
mosamzadebel samuSaos, ris safuZvelzec  gaangariSebis Sedegad 
unda miviRoT Semdegi rezultatebi:  svlis da damuxruWebis 
dro gadasarbenze, energiis xarjis sidide, eleqtromavlis 
moZraobis reJimebis mixedviT, gamomTvlelma manqanam calke 
warmoadginos grafikebi v = v(s) ; t = (s).   
aRsaniSnavia, rom arsebuli cnobili gziT amaCqarebeli da 
Semanelebeli Zalebis aproqsimacia ver uzrunvelyofs realuri 
mrudebis zust cvlilebas an integrirebis Semdeg sabolood 
mivdivarT rTul gamosaxulebamde, romelic uvargisia gamo-
TvliTi procesebis Casatareblad, maT Soris e.g.m-is gamoyenebiT,  
iv 
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radgan saWiroebs rTuli monacemTa bazis organizebas. didi 
raodenobiT cvladebis arsebobas monacemTa bazis biblioTekaSi 
da saWiro dros am cvladebis urTierTkavSiris ganxorcieleba 
rTuli da rig SemTxvevaSi SeuZlebelicaa kvalificiuri 
programistis gareSe. arsebuli analizuri gamosaxulebebi ar 
arian universaluri xasiaTis da amaCqarebeli da Semanelebeli 
Zalebis ganmsazRvreli formulebi as welze metia mocemulia 
xvedriT erTeulebSi (kgZ/t). arsebuli meTodebiT e.g.m-ze 
programirebis dros saWiroa Sesabamisi gadamyvani 
koeficientebis moZieba, romlebic gzaTa mimosvlis saministros 
mier rekomendebulia cxrilis saxiT, rac damatebiT problemebs 
qmnis programirebis procesSi. amis gamo dRes gacilebiT 
martivia analizuri meTodebis nacvlad gamoyenebuli iqnas 
grafo-analizuri an wminda grafikuli meTodebi, romlebic 
sizustiT sakmarisia praqtikuli angariSebisaTvis da 
rekomendebulia wevis gaangariSebis sawarmoeblad jer kidev 
ssrk –s gzaTa mimosvlis saministros mier. 
sadisertacio naSromSi moyvanili axali analizuri meTodi, 
romelic emyareba amaCqarebeli da Semanelebeli Zalebis aproq-
simacias wilad-wrfivi funqciiT, iZleva saSualebas martivad  
miviRoT martivi gamosaxulebebi, romlebic iqneba universaluri 
xasiaTis, vargisi nebismieri samuSaos Sesasruleblad rogorc 
kompiuteris, aseve `kalkulatorebis’’ meSveobiTac, romelsac 
gaaCnia elementarluri funqciebi. 
angariSebSi fardobiTi erTeulebis gamoyeneba iZleva saSua-
lebas minimumamde SevamciroT gantolebaSi cvladebis raodenoba 
da  mosalodneli Secdomebis albaToba, radgan yoveli cvladis 
adgili gantolebaSi, rogorc wesi, cnobilia. amoxsnis Sedegi 
univesaluri xasiaTisaa da saSualebas iZleva CvenTvis saWiro 
erTeulebSi miviRoT saWiro monacemebi da informacia 
yovelgvari geometriuli manipulaciebis Catarebis da damRleli 
da rTuli analizis gareSe. 
disertaciaSi damuSavebulia da praqtikulad realizebulia 
sruliad axali wevis gaangariSebis Catarebis procedura 
Tanamedrove e.g.m.-ze programaMM”Mathcad 14”-Si Excel 2007 –is 
elementebis gamoyenebiT. kompiuteruli teqnikis daxmarebiT wevis 
gaangariSebis Catareba saSualebas iZleva sabolooT vTqvaT 
uari specialuri Sablonebis gamoyenebaze da wevis gaangariSebis 
tradiciuli wesiT e.w. “milemetrovkaze” Sesrulebaze. amasTan 
izogeba samuSaos CatarbisaTvis saWiro drois mniSvneloba, 
xolo angariSis sizuste sakmarisia praqtikuli gaangariSebis 
sawarmoeblad. kompiuterze wevis gaangariSebis amocanebis 
gadawyveta saSualebas iZleva damuSavebuli saxiT moviRoT 
yvela saWiro informacia da araris aucilebeli 
ganvaxorcieloT Sromatevadi da damqancveli geometriuli 
manipulaciebiT miRebuli mrudebis damatebiTi analizi. 
aucilebelia aRiniSnos is garemoeba, rom kompiuterze amocanis 
gadawyvetac ar aris erTi SexedviT marti saqme, Tumca programa 
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“Mathcad 14”–is daxvewili da SedarebiT martivi  “interface” da 
gamoTvlebis TvalsaCinod warmoebis  unari amartivebs 
programirebis process da aRniSnuli Tavisebureba gamoarCevs 
mas yvela danarCeni msgavsi Matlab, Derive, Maple V, Mathematica, Vissin 
da a.S. analogiuri programisagan.    
sadisertacio naSromSi SeTavazebuli analizuri meTodiT 
moRebuli Sedegegi praqtikulad Semowmda zusti grafo-alizuri 
meTodiT ramac aCvena miRebuli Sedegebis kargi damTxveva. 
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A b s t r a c t 
 
Integration of nonlinear differential equation of motion is a basis of electric 
traction calculation. Since equations of motion are nonlinear and even today solution 
of similar equations is not possible by the form that is capable in case of linear 
differential equations, a lot of specialists turned to and turns at this moment to 
approach (asymptotic) methods of all types. Besides, because of various limitations, as 
well as of weakening of traction force field and so on part of resulting traction indices 
becomes kinked and has nonlinear form, that creates additional problems during 
solution of the problem (task). Because of this, unfortunately graph-analytical 
(calculation-analytical) methods represent main methods of integration of differential 
equation. These methods are described in scientific literature as the only and single 
source. In the XXI century when computer equipment penetrates in all spheres of 
human’s activity, it is necessary to lay an emphasis on new methods with use of 
modern computers. It should be noted that approximation of current known 
accelerating and decelerating forces can’t provide exact change of real curves and 
after integration we finally get complex expression, which is useless for carrying out 
of calculation processes, including the ones with the use of computer, since it requires 
availability of database massive in large quantities, implementation of interrelation  of 
which will be complicated and in some cases impossible without qualified skilled 
programmer.  Current analytic expressions are not of all-purpose (universal) character 
and formulas determining accelerating and decelerating forces for more than hundred 
years are given in specific units (kgf/t). According to current methods during 
programming on computer is necessary to find out corresponding conversion 
coefficients, that are recommended by Ministry of Railways (Soviet Union) in the 
tabular form, that create additional problems in the process of programming. Because 
of this fact at this moment is more simple to use graph-analytical or pure graphical 
methods instead of analytic ones, that by their accuracy are sufficient for practical 
calculations and are recommended for calculation of electric traction by Ministry of 
Railways.    
New analytic methods cited in the thesis work, which are based on the 
approximation of accelerating and decelerating forces by fractionally linear function, 
allow us to easily receive simple expressions, which will be of universal character and 
useful for implementation of any works, both by means of computer, and of 
“calculator”, that has got elementary functions.  
Use of relative units allow to reduce to the minimum the number of variables in 
the equation and probability of probable errors, since the place of every variable in the 
equation is well known as a rule. Result of solution is of universal character and 
allows to get necessary data in the units necessary for us without any geometric 
manipulation and without carrying out of labour-consuming analysis on the scaled 
paper.  
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S e s a v a l i    
pirveli orTqlis lokomotivis Seqmna sruliad ar iyo 
revoluciuri movlena, is ufro evoluciis Sedegi gaxldaT. 
cnobili Sotlandieli mecnieri edimburgis da londonis samefo 
sazogadoebis wevri, avtoritetuli inJineri da gamomgonebeli 
jeims vati (1736-1819w.) manam, sanam mis orTqlis gacivebis mowyo-
bilobaze patenti moqmedebda 1800w.-mde, winaaRmdegi iyo orTql-
mavali lokomotivebis da saerTod rkinigzis ganviTarebisa, 
radgan es transporti mas metad saxifaTod miaCnda. 1801w. riCard 
trevitikis (1771-1833)w. mier  Seiqmna pirveli orTqlmavali 
lokomotivi, samwuxarod arsebuli liandagebi ar iyo gaTvlili 
mis wonaze, liandagis da saerTod sarelso gzis cvlileba 
moiTxovda seriozul kapitaldabandebebs, rac ar iyo am etapze 
ekonomikurad xelsayreli, am garemoebam xangrZlivi vadiT 
daayovna orTqmavlebis ganviTarebis procesi. momdevno periodSi 
orTqlmavali lokomotivis srulyofaze bevri mecnieri, inJineri 
da gamomgonebeli muSaobda, udidesi wvlili ki jorj 
stefensonma (1781-1848w.) Seitana, romelmac pirvelma moaxdina 
1825w. stoqton–darlingtonis rkinigzis gaxsnaze sakuTari 
konstruqciis orTqlmavalis demonstrireba. 
rogorc mecnierebis dargs, wevis gaangariSebas safuZveli, 
jer kidev 1813 wels Cauyara ingliselma gamomgonebelma uiliam 
hedlim (1779-1843w.) orTqlis wevis Casaxvis sawyis etapze pirvel 
orTqlmavlebs ar SeeZloT mniSvnelovani wonis savagono Semad-
genlobis gadaadgileba, arakvalificiurad SerCeuli wonis 
orTqlmavlis Semadgenloba nacvlad gadaadgilebisa adgilze 
buqsaobda. mecnierTa Soris Ggavrcelda azri, rom gluvi zeda-
piris TvalwyviliT aRWurvil orTqlmavals ar SeeZlo mniSvne-
lovani wonis Semadgenlobis gadaadgileba tradiciul salian-
dago gzaze. hedlim nacvlad utopiuri da araperspeqtiuri 
ideebisa miznad daisaxa ganesazRvra orTqlmavlis wevis Zalis 
mniSvneloba, romlis ganviTarebac SesaZlebeli iqneboda gluvi 
zedapiris mqone saliandago gzaze yovelgvari damatebiTi wevis 
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mowyobilobis da aRWurvilobis gareSe. Aam faqtma safuZveli 
Cauyara wevis Teorias, romelic Tavis TavSi moicavs matareblis 
meqanikuri moZraobis Teorias da lokomotivebis muSaobas. Teo-
riuli nawili aRniSnuli mecnierebisa efuZneba fizikur 
principebs, xolo praqtikuli nawili moZravi Semadgenlobis 
eqspluatacias, mis  gamocdas da miRebuli Sedegebis gavrce-
lebas. 
1835w., roca msoflioSi jer kidev mxolod daiwyes orTql-
mavlis wevis gamoyenebiT rkinigzis ganviTareba, cnobilma rusma 
mecnierma SemdgomSi peterburgi-moskovis rkinigzis mSenebelma  
p. melnikovma gamoaqveyna naSromi, romelic moicavda sarkinigzo 
transportis rig mniSvnelovan Teoriul sakiTxs, maT Soris, 
pirvelad aRwerili iqna orTqmavalze moqmedi winaaRmdegobis 
Zala. umniSvnelovanesi wvlili wevis Teoriis ganviTarebaSi Sei-
tana peterburgis gzaTa mimosvlis institutis profesorma p.i. 
sobkom. man Tavis leqciebSi mimoixila saxelmZRvanelo qanobi, 
mrudebis umciresi radiusebi da dayofis punqtebis ganlagebis 
SesaZlebloba, is sTavazobda profilis proeqtireba momxdariyo 
iseTi formiT, rom daRmarTs moyoloda aRmarTi, ris Sedegadac 
Warbi siCqare, romelsac ganaviTarebda Semadgenloba daRmarTze 
moZraobisas, daixarjeboda aRmarTis gadalaxvaze, anu moxdeboda 
matareblis kinetikuri energiis gamoyeneba aRmarTis gada-
laxvaze, am erTiSexedviT primitiulma faqtebma safuZveli 
Cauyara wevis Teorias da misca impulse am dargis ganviTarebas. 
Tanamedrove pirobebSi wevis Teoria rogorc mecniereba 
intensiurad viTardeba rkinigzis ganviTarebasTan erTad, Tumca 
miuxedavad amisa dRemde ar arsebobs erTiani standarti da 
midgoma matarebelze moqmedi Zalebis  ganzomilebis erTeulebis 
sakiTxebSi, rac garkveul problemebs qmnis gaangariSebis 
procesSi.  
aseTi  saxesxvaoba da erTiani standartis ararseboba wevis 
TeoriaSi did diskmoforts qmnis angariSebis dros, gansa-
kuTrebiT miRebuli Sedegebis gaanalizebis procesSi. [1;2] 
 16
 analizuri meTodiT angariSis Catareba kalkulatorebze 
moiTxovs did dros da miRebuli Sedegebis vizualizaciis 
ararsebobis gamo mizanSewonilia grafikuli an grafo-
analizuri meTodebiT angariSebis Catareba, rac aseve 
Sromatevadi da damRleli procesia, igi aseve moiTxovs 
specialuri masStabebis arCevas wevis gaangariSebis wesebidan 
(w.g.w.). Tanamedrove personaluri kompiuterebis gamoyeneba 
aRniSnuli amocanis gadasawyvetad saWiroebs specialuri 
programis Seqmnas, monacemTa bazaSi uricxvi biblioTekiT, 
romelTa urTierTkavSiris moZieba saWiro procesebis aRsawerad 
moiTxovs profesionalur codnas programirebis sferoSi. amis 
garda arsebuli gamosaxulebebis gamoyeneba absolutur 
erTeulebSi zrdis Secdomebis albaTobas programirebis dros. 
cnobilia faqtebi, roca ganzomilebebiani sidideebis arasworad 
Agamoyenebis da gadamyvani koeficientebis uzustobis gamo 
mowinave dargebSi da kerZod kosmonavtikaSi avariis mizezic ki 
gamxdara. Aase magaliTad, cnobilia NASA da ruseTis kosmosuri 
saagentos erToblivi proeqti “Mars Polar Lander” -is misia (1999w.) 
swored gadamyvani koeficientebis uzustobis da programuli 
xarvezebis gamo kraxiT dasrulda. 
wevis gaangariSebas safuZvlad udevs moZraobis arawrfivi 
diferencialuri gantolebis integrireba. radgan moZraobis 
gantolebebi arawrfivia da dRemde msgavsi gantolebebis amoxsna 
SeuZlebelia iseTi formiT, rogorc es xdeba wrfivi 
diferencialuri gantolebebis SemTxvevaSi, bevri specialisti 
mimarTavda da dResac mimarTavs yvela tipis miaxloebiT 
(asimptotur) meTodebs. garda amisa sxvadasxva SezRudvebis gamo, 
როგორიცაა CaWideba, wevis Zravis velis Sesusteba da a.S.  
rezultirebuli wevis maxasiaTebeliს nawils damatebiT xdis 
arawrfivi formis mqones, rac damatebiT problemebs qmnis 
amocanis gadawvetisas. am mizeziT, samwuxarod, diferencialuri 
gantolebis integrirebis ძiriTad meTods warmoadgens grafo-
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analiზური (saangariSo-grafikuli) meTodebi. Eel. wevis Teoriis 
Semswavlel literaturaSi aRwerilia es meTodebi rogorc 
erTaderTi da ualternativo. 
 XXI saukuneSi, roca kompiuteruli teqnika mkvidrdeba 
adamianis moRvaweobis yvela sferoSi, aucilebelia aqcenti 
gakeTdes axal meTodebze Tanamedrove e.g.m.-is gamoyenebiT. 
aRsaniSnavia, rom cnobili gziT amaCqarebeli da Semanelebeli 
Zalis aproqsimacia ver uzrunvelyobs realuri mrudis zust 
cvlilebas da Tanac integrirebis Sedegad sabolood mivdivarT 
rTul gamosaxulebebamde, romelic uvargisia gamoTvliTi 
procesis Casatareblad, maT Soris e.g.m.-is gamoyenebiT, rTuli 
monacemTa bazis gamo. didi raodenobis cvladebis arseboba 
monacemTa bazis biblioTekaSi da am cvladebis  saWiro dros 
swori urTierTkavSiris moZieba faqtiurad  SeuZlebelia 
kvalificiuri programistis gareSe. dRes arsebuli analizuri 
gamosaxulebebi ar arian universaluri xasiaTis mqoneni da 
amaCqarebeli da Semanelebeli Zalebis formulebi as welze 
metia mocemulia xvedriT erTeulebSi (kgZ/t). arsebuli 
meTodebiT gaangariSebis warmoeba e.g.m.–ze saWiroebs specialuri 
gadamyvani koeficientebis moZiebas, romelic dRemde ssrk-is 
gzaTa mimosvlis saministros mier rekomendebulia cxrilis 
saxiT, rac aseve erTgvar problemas qmnis programirebis 
procesSi. Aam mizezTa gamo gacilebiT advilia analizuri 
meTodebis nacvlad grafo–analizuri an sufTa grafikuli 
meTodebiT angariSebis Catareba, romlebic sizustiT sakmarisia 
praqtikuli gaangariSebebisaTvis. 
aRniSnulidan gamomdinare arsebuli problemis gadawyveta 
da martivi da zusti aproqsimaciis gziT miRebuli analizuri 
gamosaxulebebis gamoyeneba praqtikul angariSebSi e.g.m.–is gamo-
yenebiT metad aqtualur mecnierul problemas warmoadgens. 
samuSaos mizania axali analizuri meTodis sizustis Semo-
wmeba da misi meSveobiT wevis gaangariSebis Catareba e.g.m. – ze 
rac samomavlod saSualebas mogvcems wevis angariSebi 
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tradiciuli “milimetrovkebis” nacvlad martivad, sakmarisi 
sizustiT vawarmooT Tanamedrove personaluri kompiuterebis 
gamoyenebiT.  
miTiTebuli miznis misaRwevad unda iqnas gadaWrili Semdegi 
ZiriTadi amocanebi: 
- Seswavlil iqnas matareblis moZraobis diferencialuri 
gantolebis integrirebis yvela cnobili meTodi. 
- Ggaanalizebul iqnas cnobili mecnierebis midgoma amaCqa-
rebeli da Semanelebeli Zalebis mrudebis aproqsimaciis 
sakiTxebSi. 
- damuSavebul iqnas wilad-wrfivi funqciiT amaCqarebeli da 
Semanelebeli Zalebis aproqsimacia. 
- Aabsoluturi erTeulebis nacvlad fardobiTi erTeulebis 
gamoyenebis meTodika moZraobis diferencialuri ganto-
lebis analizurad gadawyvetisas. 
- Ppraqtikulad realizebul iqnas Tanamedrove e.g.m.–is 
gamoyenebiT moZraobis mrudebis agebis procesi. 
kvlevis obieqti dafuZnebulia matareblis moZraobis 
diferencialuri gantolebis integrirebaze analizuri saxiT, 
iseTi formiT, rom is mosaxerxebeli iyos sakmarisi sizustiT 
martivad vawarmooT gaangariSebebi Tanamedrove personaluri 
kompiuteris gamoyenebiT. 
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1. literaturuli mimoxilva 
 
1.1 matareblis moZraobis gantolebis amoxsnis ZiriTadi 
meTodebi 
 
matareblis moZraoba sarelso gzaze aRiwereba v=f(s); v=f(t);  
t=f(s)  damokidebulebebiT. es damokidebulebebi igeba matareblis 
ZiriTadi sasargeblo moZraobisaTvis, romelic yovelTvis dakav-
Sirebulia Tvalwyvilis, wevis Zravis Ruzis da meqanizmebis 
mbrunavi nawilebis brunvasTan. sasargeblo gadaadgilebis garda 
matarebelze moqmedebs sxvadasxva parazituli rxevebi, romleb-
sac iwvevs aRmgznebi Zalebi, romlebic warmoiqmneba matareblis 
Tvalwyvilis gavlisas uswormasworo gzaze da aseve matereblis 
garemosTan urTierTqmedebis Sedegad. [3] 
matareblis ganvlili manZili SeiZleba warmovidginoT, 
rogorc SC  da SN jami, sadac SC sawyisi kordinatidan gavlili 
manZilia matareblis   masaTa centramde,  SN  manZilia C -dan N - 
vagonamde.            
                S  =  Sc  +  SN                                             (1) 
(1)  droiT meore warmoebulis aRebiT miviRebT: 
     2
22
2
2
2 dt
Sd
dt
Sd
dt
Sd Nc                             (2) 
Cven ganvixilavT mxolod matareblis simZimis centris mo-
Zraobas, xolo parazituli rxevebi da maT mier gamowveuli 
aCqarebebi, romelic ganisazRvreba (2)-s meore wevris tolobiT 
ganxilulia dawvrilebiT `e.m.S. konstruqcia da dinamikaSi.~ 
Zalebi, romlebic gansazRvraven matareblis moZraobis xa-
siaTs, Tavisi fizikuri bunebiT sakmaod gansxvavebulia. isini 
SeiZleba davyoT moZraobisas memanqanis mier an avtomaturi 
regulirebis mowyobilobis (wevis Zala da samuxruWo Zala) mier 
marTvad da umarTav (simZimis Zala, sxvadasxva matareblis 
moZraobis sawinaaRmdego Zalebi) Zalebad. 
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imisda mixedviT, rogori Zalebi moqmedeben matarebelze, 
ganasxvaveben maT moZraobis reJimebs. ZiriTad maTgans warmo-
adgens weva anu denis moxmarebiT gamowveuli matareblis 
moZraoba, gorva anu inerciiT moZraoba da damuxruWeba. 
denis moxmarebiT moZraobisas wevis Zravebi warmoqmnis wevis 
Zalas, romelic uzrunvelyobs matareblis gadaadgilebas. samu-
xruWo reJimis dros matarebelze moqmedebs xelovnurad Seqmni-
li da moZraobis sawinaaRmdegod mimarTuli samuxruWo Zala. is 
Tavis mimarTulebiT emTxveva xaxunis Zalas, aRmarTis Sedegad 
da a.S. gamowveul Zalebs. gorvis dros wevis Zravebi gamorTulia 
da matarebeli moZraobs inerciiT winaaRmdegobis, maT Soris 
simZimis ZaliT gamowveuli Zalebis moqmedebiT. matareblis 
moZraoba mTlianad ganisazRvreba nebismieri samidan ori 
damokidebulebiT: v=f(s); v=f(t);  t=f(s)  imdenad, ramdenadac mesame 
SeiZleba advilad miviRoT danarCeni oridan saerTo damou-
kidebeli cvladis gamoricxviT. am damokidebulebis grafikul 
gamosaxulebebs matareblis moZraobis mrudebi ewodebaT. 
eleqtruli wevisas maT ematebaT denis mrudi an simZlavris 
manZilze an droze damokidebulobis funqcia. 
matareblis moZraobis gantoleba diferencialuri saxiT 
aRwers kavSirs v siCqares, t dros da s gavlil manZils Soris, rac 
saSualebas iZleva gaviangariSod da avagoT matareblis moZra-
obis mrudebi. 
matareblis moZraobis gantolebis gamoyvanisas da moZrao-
bis mrudebis gaangariSebis dros Cveulebriv matareblis sabo-
loo sigrZisas Tvlian, rom fizikuri matareblis masa mf 
Tavmoyrilia matareblis simZimis centrSi. [1;3] 
warmovidginoT, rom matarebelze moqmedebs Fxv. Zala, rome-
lic warmoadgens yvela Zalis Tanabar moqmed Zalas, romlebic 
moqmedeben matareblis moZraobis wevis an samuxruWo Zalis 
sawinaaRmdegod. gaangariSebisaTvis aucilebeli moZraobis 
mrudebis agebisaTvis, saWiro matareblis aCqareba am Fxv. Zalis 
moqmedebiTaa gamowveuli. visargebloT eileris formuliT (am 
 21
formulas xSirad niutonis II kanonsac uwodeben, magram im 
SesworebiT, rom matareblis zogierT nawils gaaCnia gadaad-
gilebis moZraobasTan erTad brunviTi moZraobac.) 
Tu J _ mbrunavi nawilebis inerciis momenti; w _ misi kuTxu-
ri siCqarea; RT _ Tvalwyvilis brunvis radiusia, romlis meSveo-
biTac mbrunavi nawili dakavSirebulia amZravTan;   _ amZravis 
gadacemaTa ricxvia; v _ matareblis gadaadgilebis siCqare, maSin 
Tvalwyvilis RerZTan moyvanili momenti, romelic saWiroa 
mbrunavi nawilebis inerciis gadalaxvaze tolia: 
                      
                      
dt
dJ   
an gaviTvaliswinebT, ra 
              
kR
v     da  
kRdt
d   dt
dv
  
                  
kR
J
dt
dJ
2 
dt
dv  
 
F'i  Zala, romelic aucilebelia movdoT Tvals, raTa 
mbrunav nawilebs mivceT Sesabamisi kuTxuri siCqare, 
ganisazRvreba momentTa tolobidan. 
 
             F F'i RT = 
kR
J
2
 
dt
dv  
saidanac 
               F'i =
kR
J 2
2
 
dt
dv
                                 (3) 
Tavad TvalwyvilisaTvis (3) gamosaxulebaSi 1  sruli Fi 
Zala, romelic moyvanilia Tvalwyvilze, romelic aucilebelia 
matareblis yvela mbrunavi nawilis inerciis gadasalaxavad, 
SeiZleba vipovT (3) gamosaxulebiT yvela mbrunavi nawilis 
gaTvaliswinebiT vwerT: 
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         dtdvR
J
dt
dv
R
J
dt
dv
R
JF 2
2
22
T
R
T
m
T
T
i

                                 
=
dt
dvm
dt
dv
R
J
R
J
R
J
e
T
R
R
m
m
T



    2
2
22

                            (4) 
sadac JT da RT inerciis momenti da mbrunavi Tvalwyvilis radi-
usia. 
Jm da Rm _ inerciis momenti da araamZravi Tvlis radiusia. 
JR _ wevis Zravis inerciis momentia 
      e
R
R
m
m
T
T m
R
J
R
J
R
J   2
2
22

               (5) 
me _ iwodeba mbrunavi nawilebis ekvivalentur masad. 
radgan Fi Zala SeiZleba warmoiqmnas mxolod Fxv Tanabar- 
moqmedi Zalis xarjze, eileris formulis Tanaxmad: 
                                  mf xv.i FFdt
dv   
an Fi-is  CasmiT (4) gamosaxulebaSi 
               (mf  + me) xv.F
dt
dv                                                     (6) 
mf  + me =  m, amas matareblis moyvanili masa hqvia. Cveulebriv  
m  warmodgeba rogorc 
               m = mf f
f
e m
m
m 


 1  (1+ )                   (7) 
sadac    = 
f
e
m
m
 
(1+ ) uganzomilebo koeficients ewodeba mbrunavi nawilebis 
inerciis koeficienti. [4] 
(6) gamosaxulebaSi m moyvanili masis CasmiT (7) Tanaxmad 
miviRebT matareblis moZraobis gantolebis pirvel formas. 
                              Mფ(1+ ) 
dt
dv Fხვ.                                                        (8) 
(8) diferencialuri saxiT iZleva kavSirs Tanabar moqmed 
matarebelze modebul Zalas, moyvanil masas da am Zalebis 
moqmedebiT gamowveul aCqarebas Soris. 
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gaviTvaliswinebT ra v=
dt
ds
 da dt, SevcvliT 
v
ds
, miviRebT moZ-
raobis gantolebas meore formiT: 
                              mფ(1+ )v 
dt
dv
= Fხვ.                                                  (9) 
 
 
1.2 mbrunavi nawilebis inerciis koeficientis gansazRvra 
 
(1+ ) koeficientis gansazRvrisaTvis mosaxerxebelia visar-
gebloT  (5) gamosaxulebis mcired Secvlili mbrunavi nawilebis 
ekvivalenturi masis variantiT. J nebismieri mbrunavi nawilis 
inerciis momenti SeiZleba warmovadginoT Semdegi saxiT: 
                                    J = m 2       
sadac  m _ mbrunavi nawilebis masaa; 
    _ misi inerciis radiusi.  
maSin 
              Mე = mფ  = 2
22
2
2
2
2
T
R
R
m
m
T
T
mT R
m
R
m
R
m
                     (10) 
am gamosaxulebaSi sxvadasxva mbrunavi nawilebisaTvis moyva-
nilia igive indeqsebi, rogorc (4) gantolebaSi. 
(10) masebis SecvliT maTi Sesabamisi wonebiT. amisaTvis (10) 
gamosaxulebis orive mxare gavamravloT g simZimis Zalis 
aCqarebaze da avRniSnoT G _ matareblis saerTo wonas miviRebT: 
G GG =   
k
n
R
G
R
G
R
G
22
2
2
2
2
R
R
m
m
T
T
T
                         (11) 
matareblis mbrunav nawilebs aqvT cilindruli an masTan 
miaxlovebuli forma, ris Sedegadac   inerciis radiusis damo-
kidebuleba R gare radiusTan sakmarisad stabiluria amitom   
gaangariSeba   da R-is Semdegi praqtikuli monacemebis mixedviT. 
[3].   
amZravi da mimyoli vagonebis TvalwyvilebisaTvis 
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                         R)8,075,1(   
wevis Zravis GRuzebisaTvis 
                  R)75,065,0(   
didi kbilana TvlebisaTvis 
                       R8,0  
(1+ ) koeficientis mniSvneloba sxvadasxva tipis eleqtro-
mavlebisaTvis icvleba 4,12,1   farglebSi; datvirTuli satvirTo 
vagonebisaTvis 09,108,1  ; Tu matarebeli Sedgeba sxvadasxva tipis 
vagonebisagan, mag: elmavali, samgzavro, satvirTo vagonebi da a.S. 
(1+ ) mTlianobaSi matareblisaTvis ganisazRvreba rogorc 
saSualod Sewonili: 
                           (1+ ) = 


 
i
ii
i
i
G
1
G
)1(  GGi
                               (12) 
sadac GiG_ matareblis TiToeuli nawilis wonaa, romelic Sedge-
ba erTi tipis moZravi Semadgenlobisagan, romelsac gaaCnia (1+ ) 
inerciis koeficienti. 
 
 
1.3 moZraobis gantolebis gardaqmna praqtikuli  
gaangariSebisaTvis 
 
angariSis dros moZraobis pirobidan gamomdinare sargeblo-
ben sidideebis sxvadasxva erTeulebSi gazomviT. magaliTad gzas 
zomaven metrebSi an kilometrebSi; dros _ wuTebSi an wamebSi, 
zog SemTxvevaSi saaTebSi, Zalebs yvelaze xSirad zomaven kilo-
gram-ZalebSi; matareblis wonas tonebSi. matareblis mფ masas, 
rogorc wesi, gamosaxaven, rogorc mis wonas G. saerTaSoriso 
erTeulTa (SI) sistemaSi, miRebulia sigrZis erTeulad (m); drois 
(wm); masis (kg); Zalis sazomad gamoiyeneba niutoni (n), romelic 
1kg masis mqone sxeuls 1m/wm2 aCqarebas aniWebs. 
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sxvadasxva erTeulebis gamoyeneba matareblis moZraobis 
gantolebaSi moiTxovs Sesabamisi gadamyvani koeficientebis 
Seyvanas. (8) da (9) gantolebis marjvena nawilSi maTi SeyvaniT da 
saTanado aRniSvnebiT (8) da (9) miiRebs Semdeg saxes:P 
                    Fdt
dмG                            (13) 
                    Fdt
dмG '                         (14) 
  mniSvneloba magaliTisaTvis siCqaris cvlilebisas km/sT-
Si, drois wT-Si moqmedi Zalebis kg-Si G wonis matareblis dros, 
misi m masa tolia 
                                 Mფ = G
g
G
81,9
10001000  [kg.wm2/m] 
sadac  g = 9,81 m/wm2 _ simZimis Zalis aCqarebaa. 
imisaTvis, rom miviRoT Zala kg-Si, roca masa icvleba kg.wm2 
(kilogram masa), 
dt
dv  aucilebelia ganvsazRvroT m/wm2. amitom siC-
qare aucilebelia gadaviyvanoT km/sT-dan m/wm-Si, xolo dro, wT-
dan wm-Si, 1km/sT Seesabameba 
6,3
1
3600
1000   m/wm, xolo 1wT = 60wm 
gaviTvaliswinebT ra am damokidebulebas, (8) gamosaxulebaSi Cas-
misas vipoviT: 
                                   G
)1(1000
606,381,9


dt
dv Fხვ. = 
)1(
16,2
 Fხვ. 
Sesabamisad  
             )1(
12,2
     da )1(472,0
1    
rogorc es Cans miRebuli tolobidan (13) da (14), Semdgomi 
gamartivebisaTvis maTi marjvena da marcxena nawilebi gavyoT G 
matareblis wonaze. 
               
dt
dv
fხვ.                                 (15) 
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               '
dt
dsv fხვ.                               (16) 
sadac fხვ. = 
G
Fxv.
 xvedriTi Tanabarmoqmedi Zalaa kgZ/t; aseTi xved-
riTi saxiT orive formula yvelaze xSirad gamoiyeneba matareb-
lis moZraobis mrudebis asagebad. 
  koeficienti (15) gamosaxulebaSi ricxobrivad Sesabamis 
erTeulebSi matareblis aCqarebis tolia, romelzedac mode-
bulia Tanabarmoqmedi fხვ.  Zala kgZ/t. ase magaliTad: Tu matareb-
lis wona izomeba t-Si, siCqare km/sT-Si, dro-wm-Si da   tolia 
0,06-is, maSin: 
               2
06,1
12,2     km.t/sT.kg.wT 
               2
dt
dv fხვ.   km/sT.wT   
maSasadame, 1 wT-is ganmavlobaSi siCqare Seicvleba 2fხვ. km/sT. 
Tu Zala moqmedebs matareblis moZraobis mimarTulebiT siCqare 
gaizrdeba; Tu moZraobis sawinaaRmdego mimarTulebiT _ Semcir-
deba.  
 
 
1.4 moZraobis gantolebis gamoyeneba matareblis moZraobis 
ZiriTadi reJimebis analizisaTvis 
 
elmavlis F wevis ZalisaTvis dadebiT mimarTulebad miRebu-
lia matareblis moZraobis mimarTuleba. W da B Tanabarmoqmedi 
moZraobis winaaRmdegobis ZalebisaTvis matareblis moZraobis 
sawinaaRmdego mimarTuleba. [5;6] 
moZraobis winaaRmdegobis W Zalas umetes SemTxvevaSi aqvs 
moZraobis sawinaaRmdego mimarTuleba, miuxedavad amisa, pirobis 
Tanaxmad aqvs dadebiTi niSani, mxolod sakmaod cicabo daRmar-
Tebze W SeiZleba gaxdes uaryofiTi sidide da moqmedebdes moZ-
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raobis mimarTulebiT. amitom W-s qveS unda gavigoT matareblis 
moZraobis winaaRmdegobis algebruli mniSvneloba. es sruli 
Zalebi, rogorc wesi, izomeba kg-ebSi. 
wevis dros matarebelze moqmedebs Fხვ.= F _ W Zala, amitom ma-
tareblis moZraobis gantolebas (13)-s eqneba Semdegi saxe. 
                                G )( WF
dt
dv                              (17) 
an xvedriTi formiT: 
                  )(   f
dt
dv
                           (18) 
sadac 
G
Ff    - xvedriTi wevis Zalaa. 
G
W   -  moZraobis xvedriTi winaaRmdegobaa. 
matareblis siCqare izrdeba, Tu F – W > 0, radgan am dros          
dt
dv
>0, Tu F – W < 0, maSin 
dt
dv
< 0 da matareblis siCqare mcirdeba, 
rogorc es magaliTad matareblis cicabo aRmarTze moZraobis 
dros xdeba, roca moZraobis winaaRmdegoba W xdeba F wevis Za-
laze meti. 
matareblis Tanabari moZraobisas mudmivi damyarebuli siCqa-
riT adgili eqneba, Tu F – W = 0 an F = W; vinaidan da radganac am 
dros 
dt
dv
 = 0. 
gorvis reJimis dros wevis Zravebi gamorTulia, amitom F = 0 
da F = -W, moZraobis gantolebas eqneba Semdegi saxe: 
                  Wdt
dvG  .                              (19) 
aRmarTebze, swor ubanze W-s aqvs dadebiTi mimarTuleba da  
dt
dv  < 0, maSasadame matareblis siCqare mcirdeba. 
W-s uaryofiTi mniSvnelobisas, romelsac SeiZleba adgili 
hqondes sakmarisad cicabo daRmarTze, 
dt
dv
>0, Sesabamisad matareb-
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lis siCqare izrdeba. matarebels SeuZlia aseve iaros damya-
rebuli siCqariT, Tu W=0. 
samuxruWo reJimis dros F=0, 
                               F = - (B + W) da  
                              )( WB
dt
dvG                                                   (20) 
rogorc wesi, (B+W) jamuri Zala mimarTulia matareblis mo-
Zraobis sawinaaRmdegod. Sesabamisad, Tu (B+W) > 0, maSin 
dt
dv
<0 da 
matareblis moZraobis siCqare damuxruWebisas mcirdeba. 
matareblis moZraobisas cicabo daRmarTze W < 0 da samux-
ruWo Zala B pataraa, SeiZleba aRmoCndes, rom (B+W) < 0. am dros 
matarebeli ar imoZravebs Senelebulad. kerZo SemTxvevaSi SeiZ-
leba samuxruWo Zala davareguliroT ise, rom (B+W) = 0. maSin 
matareblis siCqare iqneba dadebiTi 

  0
dt
dv
. amgvari moZraobis 
reJimi xSirad gamoiyeneba qanobze matareblis moZraobis siCqaris 
SenarCunebisaTvis. 
moyvanili analizidan SeiZleba davaskvnaT, rom yvela re-
Jimis dros, Tu Fxv. Tanabarmoqmedi Zala tolia nulis, 
matareblis moZraobas aqvs damyarebuli xasiaTi, maSasadame 
matarebeli imoZravebs garkveuli mudmivi siCqariT. Tu 0
xv
F , 
yovelTvis adgili eqneba aradamyarebul moZraobis process. 
Tanabarmoqmedi Zalis dros matareblis siCqare izrdeba, xolo 
uaryofiTis dros _ mcirdeba. [5] 
 
 
1.5 moZraobis mrudebis gaangariSebis saerTo principebi  
moZraobis gantolebis integrireba 
 
matareblis moZraobis mrudebis gaangariSeba moZraobis gan-
tolebis integrirebas emyareba, romelic diferencialuri saxiT 
iZleva kavSirs v siCqares, t dros, da s gavlil manZils Soris.  
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v(t), v(s), t(s) damokidebulebebis misaRebad saWiroa  matareb-
lis moZraobis diferencialuri gantoleba (15) an (16) amoxsna 
(integrireba). [7]   
maTematikuri TvalsazrisiT matareblis moZraobis diferen-
cialuri gantoleba garegnulad martivi, pirveli xarisxis 
diferencialuri gantolebaa v da t cvladebi. aseTi gantolebebi 
Cveulebriv amoixsneba cvladebis gancalkevebis meTodiT da 
SemdgomSi marcxena da marjvena nawilis cal-calke integri-
rebiT. magram gantolebis marjvena nawili ar aris mudmivi 
sidide da matarebelze moqmedi Zalebi TviTon  arian cvladebis 
v da s-is funqciebi. moZraobis dros icvleba gzis profili da 
Sesabamisad moZraobis mimarT winaaRmdegobebic, aqedan gamom-
dinare moZraobis gantolebis analizuri saxiT integrireba, 
gansakuTrebuli daSvebebis gareSe praqtikulad SeuZlebelia. 
matareblis moZraobis gantolebis integrireba cvalebadi 
siCqaris SemTxvevaSi saSualebas mogvcems miviRoT damokide-
buleba matareblis moZraobis siCqaris v, moZraobis drois t da 
ganvlil manZils s-s Soris. [6;7]  
diferencialuri gantolebis amoxsnis cnobili meTodebi 
pirobiTad SeiZleba davyoT sam jgufad: 1) analizuri meTodebi, 
romlebic saSualebas mogvcems amovxsnaT diferencialuri 
gantoleba analizuri gamosaxulebebis saxiT; 2) grafikuli me-
Todebi, romelic iZleva miaxloebiT amoxsnas grafikuli saxiT; 
3) ricxviTi meTodebi, romlebic iZleva miaxlovebiT amoxsnas 
cxrilis saxiT. [6]   
matareblis moZraobis diferencialuri gantolebis integ-
rireba analizurad warmoebs Semdegi formiT: 
(15) gantolebaSi cvladebis gayofiT miviRebT 
                      
xv.f
dvdt                                (21) 
sadac fxv  - xvedriTi Tanabarmoqmedi Zalaa, kgZ/t. 
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orive mxaris integrirebiT v1-dan v2 siCqaris farglebSi, mi-
viRebT am procesis Sesabamis dros. 
                 2
1
1
12
v
v f
dvtt
xv.                          (22) 
gamoviyenebT ra (16)-s, romelic warmoadgens moZraobis gan-
tolebas meore formiT, SeiZleba ganvsazRvroT (s2 – s1) manZili, 
romelsac gadis matarebeli roca siCqare icvleba v1-dan v2-s       
farglebSi. 
                                 
xv.f
vdvds
'                                 (23) 
       da     2
1'
1
12
v
v f
vdvss
xv.                          (24)  
am dros xvedriTi Tanabarmoqmedi Zala wevis reJimis dros: 
        ififf  00 xv.                              [kgZ/t]         
gorvisas 
        )( 0 if x  xv.                                        [kgZ/t]          
eleqtruli damuxruWebis dros: 
    )()( 0 ibibf о  eexv.            [kgZ/t]          
meqanikuri damuxruWebisas:  
    )()( 00 ibibf  gxv              [kgZ/t]          
(22) da (24) gantolebebis integralebis  gamoTvlebisaTvis 
unda vicodeT fxv.  = f (v) 
sxvagvarad rom vTqvaT, winaswar aucilebelia gvqondes ama-
Cqarebeli Zalebis maxasiaTebeli wevis reJimis dros, gorvisas 
moZraobis winaaRmdegoba, Semanelebeli Zalebi samuxruWo re-
JimSi da aseve gzis profili. yvelaferTan erTad damatebiT 
aucilebelia davadginoT siCqaris SezRudvebi gzis sxvadasxva 
ubanze, matareblis moZraobis  usafrTxoebis pirobis dasacavad, 
romelic gaTvaliswinebulia rkinigzis teqnikuri eqspluataciis 
wesebiT, romlis Tanaxmad saWiroa siCqare SeizRudos cicabo 
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daRmarTebze, mrudebSi, saisro gadamyvanebze da a. S. matareblis 
moZraobisas. 
 
 
 
nax. 1. matarebelze moqmedi xvedriTi amaCqarebeli Zalis grafiki  
 
 
 
  
Tanabarmoqmedi Zalebis siCqareze damokidebulebas Cveuleb-
riv warmoadgenen grafikuli mrudebis saxiT.  
nax. 1. maTTvis SeiZleboda SegverCia metnaklebad miax-
lovebuli analizuri gantoleba da maTi gamoyenebiT uSualod 
mogvexdina pirveli an meore formiT mocemuli moZraobis 
gantolebis integrireba. Sedegebis ufro maRali sizuste mii-
Reba, Tu fxv. = f(v)-s calkeuli mimdevrobiTi ubnebisaTvis 
SevarCevT analizur gamosaxulebebs. 
Tumca SedarebiT martivi analizuri damokidebulebebis 
drosac, ki integrirebas mivyavarT ufro rTul da gamo-
TvlebisaTvis mouxerxebel formulebamde.  
nawilobiTi aproqsimacia ufro metad zrdis gamoTvlebis 
sirTules, amitom matareblis moZraobis gantolebis analizuri 
integrireba gamoiyeneba mxolod iSviaT SemTxvevebSi, ZiriTadad 
Teoriuli gamokvlevebisaTvis. [6;8] 
praqtikulad moZraobis gantolebis integrirebas axdenen 
saboloo gardaqmnebis meTodiT, romelsac iyeneben fxv. = f(v)-s 
nebismieri formisas da romelic Teoriulad iZleva miaxloebis 
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nebismier xarisxs. am meTodis dros siCqaris 12 vvv   did 
intervalSi cvlilebebisas fხვ. Tanabarmoqmed Zalebs Tvlian mud-
mivad da maTi mniSvnelobebis saSualod am intervalebSi fxv.saS. 
maSin (22) da (24)-is marjvena nawilebi advilad integrirdeba da 
miiReba Semdegi gamosaxulebebi: 
           
xv.saS.xv.saS. f
v
f
vvttt 
 1212                    (25) 
da           
xv.saS.f
vvsss
'2
2
1
2
2
12 
  
an gaviTvaliswinebT, rom saSv
vv 
2
12  v  intervalSi 
               
saSxv. 
saS
f
vs '
                                 (26) 
s -is sxva formula SeiZleba miviRoT (26)-Si 
xv.saSf
v
-is Sevcv-
liT t -Ti (25) safuZvelze  
           tts  saSsaS 

''
1
'                                         (27) 
sadac    ''
' 
     
fsaS Tanabarmoqmedi Zalis mniSvneloba fxv = f(v)-is mono-
tonuri cvlilebebisas v siCqaris mciredi gardaqmnisas daaxlo-
ebiT gansazRvraven mas v saSualo siCqariT mocemul intervalSi 
(nax. 1.) 
amgvarad, saboloo gardaqmnebis meTodis dros mocemuli 
Tanabarmoqmedi Zalis mrudi fxv. = f(v) gardaiqmneba garkveul safe-
xurebliv wrfed (nax. 1). moyvanilia aseTi transformaciis 
magaliTi amaCqarebeli Zalebisa wevis reJimis dros. Tanabar-
moqmedi fxv Zalis agebisaTvis yoveli v  intervalis farglebSi 
realuri matareblis moZraoba icvleba Tanabar-aCqarebuliT. 
amitom v=f(t) saangariSo mrudi iqneba Sedgenili, rigi swori 
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monakveTebisagan, xolo mrudi v=f(s) _ rigi parabolis monakve-
Tebisagan. 
v  intervalis didi SemcirebiT safexurebrivi Zalebi uax-
lovdeba realur mruds, xolo moZraobis saangariSo mrudebi _ 
realurs, maSasadame am dros sizuste saboloo gardaqmnebisa 
matulobs. 
 
 
 
1.6 moZraobis mrudebis gaangariSebisa da agebis meTodi 
 
 
ganasxvaveben moZraobis mrudebis gaangariSebis anaლიზურ 
integrirebis da ricxobrivi integrirebis meTodebs, romlebic 
efuZneba moZraobis diferencialuri gantolebis miaxloebiT 
integrirebas. [9] 
analizuri integrirebis meTodi Tavis mxriv iyofa fxv.=f(v) 
damokidebulebis sxvadasxvagvari aproqsimaciis da mixedviT 
(wrfivi, paraboliseburi da a.S.). 
im jgufSi, romelic efuZneba saboloo gardaqmnebis 
meTodebs Sedian saangariSo-grafikuli da sufTa analiზუri 
meTodebi, romlebic erTmaneTisagan gansxvavdeba t  da s -is 
miRebis xerxebiT. 
 
 
nax. 2. xvedriTi Tanabarmoqmedi Semanelebeli Zalebis 
mrudebis grafiki 
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saangariSo-grafikuli meTodis dros grafikulad warmodge-
nil f = f(v) damokidebulebas yofen   intervalebad. am inter-
valebSi saSualo siCqareebis povniT gansazRvraven Tanabar moq-
med Zalebs. Sesabamisi formulebiT t  da s  miRebuli mniSvne-
lobebiT ageben moZraobis mrudebs. grafikuli meTodi 
gansxvavdeba zemoT moyvanili meTodisagan imiT, rom t  da s  
angariSiT ki ar pouloben, aramed pouloben geometriuli 
manipulaciebiT, romlebsac axorcieleben Sesabamis masStabebSi. 
am meTodebis mravali saxesxvaoba arsebobs.  
 
 
 
1.7 moZraobis mrudebis ageba saangariSo-grafikuli anu   
grafo-analizuri meTodiT 
 
moZraobis mrudebis elementebs saangariSo-grafikuli meTo-
diT pouloben wertilebis mixedviT, romelTa koordinatebic 
ganisazRvreba t  da s -is gamoTvliT, romlebsac iReben v  
intervalSi. t  gaangariSeba warmoebs _ (25) formulis, xolo s  
gaangariSeba xdeba (27) formulis meSveobiT. Fxv.saS _ mniSv-
nelobebs iTvlian xvedriTi Tanabarmoqmedi Zalebis fxv.o = f(v) 
mrudis mixedviT, romlebic gaTvlilia )0( i  qanobze matareb-
lis moZraobisas. am dros amaCqarebeli an Semanelebeli xved-
riTi Zala  ganisazRvreba Semdegi sxvaobiT. (ix. nax. 2) 
             iff  xv.saS.xv.saS.       [kgZ/t]                 (28) 
sadac i _ qanobis algebruli mniSvnelobaa (aRmarTisaTvis da-
debiTia, daRmarTis SemTxvevaSi uaryofiTi.) 
saS.xv.0f  intervalSi pasuxobs saS _ mniSvnelobas. 
miRebuli niSnebiT fხვ.o wevis reJimisaTvis unda CavTvaloT 
dadebiTad, xolo gorvis da damuxruWebis reJimis dros 
uaryofiTad. 
gaangariSeba mosaxerxebelia vawarmooT Semdegi wesiT: 
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nax. 2. warmodgenil diagramaze, romelzedac gamosaxulia  
xvedriTi Tanabarmoqmedi Zalebi, swori horizontaluri gzi-
saTvis fo = f(v) wevis reJimisas; )(vfo  wevis Zravebis CarTul 
mdgomareobaSi moZraobis ZiriTadi winaaRmdegobisaTvis b0 = f(v) 
meqanikuri damuxruWebisa da damuxruWebisas siCqaris SezRudviT 
xvedriTi Semanelebeli ZalisaTvis. aRniSnulTaTvis moiniSneba 
v1, v2, v3, v4.... da a. S. siCqareebi da SerCeuli siCqaris SezRudvebis 
v  intervalebi. romlebic mrudis nawilebis formidan gamomdi-
nare SeiZleba iyos araerTgvarovnad SerCeuli anu v -s sidide 
SesaZloa erTmaneTisagan gansxvavdebodes. mizanSewonilia Tana-
barmoqmedi Zalebis mrudebis gardatexis wertilebi SeirCes, ro-
gorc v -s sazRvrebi, es zrdis gaangariSebis sizustes da 
saSualebas iZleva fხვ.оსაშ.  moiZebnos Vსაშ. siCqaris meSveobiT. [1;6;7] 
wevis reJimis dros mudmivi denis SemTxvevaSi Zravebis 
gaSvebis periods yofen intervalebad, romlis sazRvrebsac 
warmoadgens, Zravebis erTi dajgufebidan meoreze gadasvlis 
momentebi, rac mosaxerxebelia denis mrudis agebisaTvis da 
energiis xarjis gansazRvrisaTvis.  v1, v2, v3, v4.... da 321 ,, vvv   _ 
SeaqvT specialur cxrilSi 1 da  grafaSi 2 
am cxrils gaaCnia specifikuri forma, romlis mixedviTac 
praqtikulad mimdinareobs mTeli gaangariSebebi. 
vსაშ. saSualo siCqaris mniSvnelobebi gamoiTvleba me-3 gra-
faSi, xolo misi Sesabamisi moqmedi Zala fხვ.оსაშ. SeaqvT me-4 grafaSi. 
me-5 da me-7 grafebi gankuTvnilia t  da s -saTvis, xolo aTvlis 
dawyebidan saerTo drois tt  gansazRvrisaTvis gankuTvnilia 
me-6 grafa. am grafis nebismieri striqonis ricxviTi mniSvneloba 
tolia aRniSnul svetSi aRniSnul striqonamde arsebuli yoveli 
striqonis jamisa da t0-sawyisi drois mniSvnelobis mimatebiT. 
gavlil manZils gansazRvraven, rogorc  ss  da SeyavT 
me-8 grafaSi.  vo siCqaris, to drois da so gzis sawyis mniSvnelobebs 
weren 1, 6 da 8 grafaSi cxrilis pirvel striqonSi. Tu gani-
xileba gaCerebis Semdgomi moZraoba, isini iReben nulis tol 
mniSvnelobas. 
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 v, t da s mniSvnelobebiT (cxr. 1. 1, 6, 8 grafebi) SeiZleba 
(wertilebiT) avagoT samive mrudis damokidebuleba v=f(t),  v=f(s) da 
s = f(t). 
aRniSnuli wesiT angariSoben mrudebs matareblis yoveli 
reJimisas cal-calke. 
 
                                                          cxrili 1. 
wevis gaangariSebis specifikuri formis cxrili 
#
 
v v  vსაშ. 
Fხ
ვ.ს
აშ.
=f
ხვ
. оს
აშ.
-i 
xv.saS.f
vt 

 
 ttt 0    sss 0  
1 2 3 4 5 6 7 8 9 
0 v0 ___ ___ __ __ t0 _ s0 
1 v1 011
vvv 
 2
1
01
vvvch

 
1xv.saS.f
 1
t  101 ttt   1s 101 sss   
2 v2 122
vvv 
 2
2
02
vvvch
  1xv.saS.f
 2
t  2102 tttt   2s 
2102 ssss 
 
n vn 
 nnb vvv
 2
0
n
chn
v
vv

 
1xv.saS.f
 n
t   nn ttt
1
0  n
s
 
 nn sss
1
0
 
 
 
 
1.8 zogierTi cnoba moZraobis mrudebis grafikuli  
meTodiT gaangariSebisaTvis 
 
grafikuli xerxiT moZraobis mrudebis ageba, rogorc ukve 
aRiniSna Tavisi arsiT warmoadgens moZraobis gantolebis miax-
loebiTi integrirebis meTods, saboloo gardaqmnis meTodiT 
imdenad, ramdenadac gzisa da drois gardaqmna xdeba geomet-
riulad, rogorc wesi maT ukavSireben Tavad moZraobis mrudebs. 
amiT uzrunvelyofilia TvalsaCinoeba da umravles SemTxvevaSi 
SesaZlebelia mrudebis meqanikuri ageba, gansakuTrebiT specia-
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luri Sablonebis gamoyenebiT. amitomac grafikulma meTodma 
farTo gamoyeneba hpova praqtikul wevis gaangariSebis procesSi. 
[1;2;3;4;5;6;7;8] 
rogorc wesi, pirvel rigSi, profilis elementebis Tavise-
burebebis da masze moZraobis pirobebis gaTvaliswinebiT ageben 
v = f(s)-s da Semdgom t = f(s) damokidebulebas an ufro iSviaTad     
v = f(t) . 
yvelaze gavrcelebulia v = f(s) damokidebulebi grafikuli 
agebis ori meTodi: inJiner a.i. lipecis, romlis drosac, rogorc 
saangariSo-grafikul meTodSi miewodeba gardaqmnebiT v  da un-
reinis meTodi, romelic gansxvavdeba imiT, rom sakmaod martivi 
xerxebiT v = f(s) mrudis agebisas v  da s   pasuxobs t  mudmivi 
drios intervals.  
a.i. lipecis meTodi, misi Semdgomi agebiT  v = f(s) mrudis sa-
fuZvelze damokidebuleba t = f(s) inJiner g. lebedevis SeTavazebiT 
Tavis droze iqna rekomendebuli gzaTa mimosvlis saministros 
da dRes cnobilia rogorc misi meTodi. 
grafikuli xerxiT v=f(t) damokidebulebis ageba dawvrilebiT 
damuSavebulia bevri specialistis mier (g.v. lebedevi, i.v. lomo-
nosovis, v.a. Sevalinis da a.S.). Tumca isini gamoiyeneba praqti-
kulad Zalian iSviaTad, radganac umravles SemTxvevaSi mouxer-
xebelia sirTulis gamo mrudebis asagebad da amitom bevr 
literaturaSi ar aris ganxiluli v = (t) mrudis ageba aRniSnuli 
meTodebiT. 
v = f(s) mrudis ageba gzaTa mimosvlis saministros meTodis 
saSualebiT moZraobis v = f(s) mrudis asagebad siCqare miewodeba 
mimdevrobiTi intervalebiT v -Ti da am intervalebis farglebSi 
Cveulebriv Tvlian Tanabarmoqmed Zalas  fxv.  mudmivad da v  
intervalis saSualod. 
adre ukve aRiniSna, rom am dros realuri matareblis 
moZraobisas icvleba rigi Tanabar amaCqarebeli Zalebisa da 
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mrudi v = f(s) iqneba Sedgenili parabolis monakveTebisagan. TiToe-
uli maTgani imoqmedebs siCqaris mocemul intervalSi.  
ganvixiloT aseTi ab parabolis monakveTi romelime siCqaris 
v =v2 – v1 intervalisaTvis (nax. 3) a, mv  da ms siCqaris da 
manZilis masStabebisaTvis. 
gavataroT qorda a da b parabolis wertilebisaTvis. ro-
gorc cnobilia mxebi parabolis c wertilis ordinatisaTvis 
tolia saSualo mniSvnelobis mosazRvre a da b wertilebisa (e.i. 
v  saSualo) paraleluria ab parabolis qordisa. 
amitom, Tu gavatarebT v  intervalis farglebSi s wrfes   
kuTxiT, am wrfis monakveTi a da b iqneba parabolis qorda da s  
matareblis gavlili gza, v  -s cvlilebisas toli iqneba ab 
horizontaluri monakveTis proeqciis toli ms gzis masStabSi.   
kuTxe iZebneba moqmedi Zalebis diagramebiT f = f(v), rogorc 
naCvenebia nax. 3, b. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 3 siCqaris manZilze damokidebulebis v = f(s) mrudis 
agebis meTodika gzaTa mimosvlis saministros meTodiT. 
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davuSvaT, rom v=f(s) mrudi cnobilia d wertilSi koor-
dinatebiT v, s. gatarebuli mxebi аа (nax. 4, a)   kuTxis mxebis 
tangesi abscisaTa   RerZisaTvis tolia 
          dsm
dvmtg
s
v                            (29) 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 4. gzaTa mimosvlis saministros   meTodis dros mv 
siCqaris  da ms gzis masStabebis SerCevis meTodika. 
 
 
 
(16) damokidebulebas aqvs v
f
ds
dv xv.'  saxe da maSasadame 
                      v
f
m
mtg
s
v xv.
'                        (30)  
sxva sityvebiT tg  proporciulia v
fxv.
 damokidebulebisa. 
Tavis mxriv, es damokidebulebebi warmoadgenen '  kuTxis 
tangenss V RerZsa da Ob wrfes Soris. Tavidanve gatarebuli O 
ordinata moqmedi Zalis diagramiT fxv. = f(v)  mrudis b wertilis 
gavliT v abscisis tolia. (ix. Nnax .4. b)  
Tu f = f'(v) mrudisaTvis miRebulia Zalis mk da siCqaris mk 
masStabi maSin  
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и
k
m
mtg
'
'                               (31) 
masStabebis SerCeviT SeiZleba uzrunvelvyoT tangensebis da 
Sesabamisad   da  ’ kuTxeebis toloba. 
vipovoT saWiro masStabebi (30) da (31) marjvena gamosaxu-
lebebis erTmaneTTan gatolebiT. 
                vm
fm
v
f
m
m
иs
v
'
' xv.mxv.   
an Sekvecis Semdeg miviRebT: 
                
vs
v
m
m
m
m
'
' T                           (32) 
amgvarad, oTxi masStabidan meoTxe masStabis gamoTvla 
xdeba (32)-iT. rogorc wesi, siCqareebis masStabs iReben erTi da 
igives m'v = mv  da mimarTaven ZalebisaTvis mosaxerxebel masStabs, 
xolo gzis mk masStabs angariSoben 
              
Tm
mm vs
2'                        (33) 
masStabebis aseTi arCeva gamowveulia imiT, rom ms  gzis 
masStabi SeiZleba aRmoCndes mouxerxebeli. yvelaze xSirad saWi-
roa gamoviyenoT mxolod erTxel profilis dazvervisas s RerZis 
mixedviT, aseve masze ZiriTadi punqtebis da sxva niSnebis da-
tanis dros. 
praqtikulad v = f(s) mrudi aigeba Semdegi TanmimdevrobiT. 
irCeven mv,  ms   da mT masStabebs, romelic akmayofilebs (33) 
tolobas da milimetrebis danayofis mqone qaRaldze e.w. 
`milimetrovkaze~ xazaven fxv.o = f(v)  xvedriTi Tanabarmoqmedi 
Zalebis diagramas swori da horizontaluri gzisaTvis, rogorc 
saangariSo-grafikuli meTodis dros, Semdeg daaqvT kuTxeebis 
koordinatebi, romelTa RerZebic aris v da s    v = f(s) mrudisaTvis. 
v-s RerZi orive diagramaSi tardeba erTmaneTis paralelurad. 
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moqmedi Zalebis f RerZs aTavseben s ReZTan erTad, magram s 
RerZis sawinaaRmdegod, rogorc es naCvenebia nax. 5.-ze.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nnax. 5. moZraobis mrudebis ageba gzaTa mimosvlis 
saministros meTodiT 
 
 
 
s RerZis qveS aRniSnaven profilis gardatexis wertilebs, 
iweren gasworebuli qanobebis sigrZes, daaqvT gaCerebis 
adgilebi da siCqaris SezRudvis sazRvrebi da a.S. [1;2;3;4;5;6;7] 
warmovidginoT, rom moZraobis mrudeebi, rogorc xSirad 
xdeba, iwyeba matareblis daZvriT, amasTan pirveli profilis 
elements aqvs +i1 daxriloba. mas Semdeg, rac fxv. RerZze daaqvT 
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aRniSnuli siCqaris intervalebi ,, 21 vv  .... da romelic CamorCeba 
OO1 = mTi1  manZiliT fxv.-is O1 dadebiTi mimarTulebiT. O1 wertili 
sawyis profilze warmoadgens sawyis koordinats fxv. = f(v)  xved-
riTi Zalis diagramaze wevis reJimisas. amiT es Zalebi 
Semcirebulia [kgZ/t] 
fo = f(v)  mrudis ,, 21 vv  ..... saSualo intervalebSi aRniSnaven 1, 
2,... wertilebs, romelTa ordinatebic (O1 O'1' RerZamde) fsaS.1 , fsaS.2 
... amaCqarebeli Zalebisa saSualo vsaS.1, vsaS.2,...siCqaris Sesabamis 
intervalebSi tolia. O1-dan 1, 2,... wertilebSi gatarebuli 
sxivebi qmnian V RerZTan 21 , ...  
Semdeg uSualod iwyeben v = f(s) mrudis agebas gadasarbenis 
sawyisi O' wertilidan avleben O'1' sxivs 1  kuTxiT, 1v  inter-
valis farglebSi 1' wertilamde. RerZebis miRebuli ganTavsebi-
sas moqmedi Zalebis diagramebis asagebad sakmarisia gavataroT 
O' wertilSi 011, perpendikularulad sxivi swori da marTkuTxa 
samkuTxedebiT zemoT aRniSnulis Tanaxmad O'1' proeqcia s  RerZze 
tolia 1s -is, ms gzis masStabSi. v = f(s) mrudis miRebuli 1' 
wertilidan atareben wrfes 2,'2'1 v  intervalis farglebSi 012-is, 
marTobulad 2' wertilamde. 1'2' monakveTis proeqcia s RerZze 
gamosaxavs 2s . 2' wertilidan atareben '3'2  wrfes, O13, sxivis 
paralelurad da a.S. rogorc nax. 5-ze aris naCvenebi. aseTi wesiT 
ageba avtomaturad ganapirobebs s  zeddebas, amitomac nebis-
mieri abscisa warmoadgens matareblis mier ganvlil gzas, 
matareblis moZraobis dawyebidan. Tu miRebul wertilebs 1'2' 
SevaerTebT lekalos saxazavis meSveobiT miviRebT v = f(s) sabo-
loo saxes. am mruds Cveulebriv ar atareben da SemoizRudebian 
naxazze maTi qordebiT, rogorc es nax. 5-zea naCvenebi. 
Semdgom qanobis elementze +i2 mruds v = f(s) ageben anali-
zurad, magram im siCqaridan, romelTa wina profilis K bolozea 
miRebuli da moqmedi Zalebis diagramaze aRniSnaven axal sawyis 
koordinats O2, romelic CamorCeba O wertils OO2 = mki2 
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manZiliT. warmovidginoT, rom matarebeli gadis sxva elementze 
zustad 3' wertilze V3 siCqariT da agrZelebs moZraobas denis 
moxmarebiT. imdenad, ramdenadac sawyisi siCqare V3 metia V2 
matareblisaTvis i2 aRmarTisaTvis dadgenil siCqareze, siCqare 
daiwyebs Semcirebas da amitom aucilebelia mivmarTod v -s 
sawinaaRmdego gardaqmnebs. nax. 5-ze (marcxniv) V3 – V2 sxvaoba 
dayofilia 4v   da 5v  intervalebad. 
 
 
 
 
 
 
 
 
 
 
nax. 6. qanobis elementis cvlilebis SemTxvevaSi gadasvlis 
sawyisi siCqaris ganazRvra K wertilSi 
 
 
 
fo = f(v)  mrudze 4v  da 5v  intervalebis SualedebSi aRniS-
naven 4 da 5 wertilebs, romlebsac aerTeben sxivebiT O2-Tan. 3' 
wertilidan O24 sxivis perpendikularulad 4v  intervalis 
farglebSi atareben wrfes 3'4'  da 4'-dan wrfes 4'5'-s O2 5 sxivis 
perpendikularulad. 5' wertilidan matarebeli imoZravebs 
dadgenili siCqariT Vxv2, Semdeg profilamde. 
xSirad mrudis agebisas gzis romelime im qanobis elemen-
tisaTvis napovni saboloo wertili, zustad ar emTxveva qanobis 
dasasrulis K wertils, rogorc es naCvenebia (nax. 5). am SemT-
xvevaSi aucilebelia vipovoT K wertilSi siCqare, romelic 
moZraobis mrudis Semdgomi agebisas iqneba sawyisi. Tu wertili 
profilis dasasrulTan axlos aRmoCnda (ordinati KK) rogorc 
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magaliTad n wertili (nax. 6.), maSin siCqare Vno SeiZleba miax-
loebiT CavTvaloT KK wrfisa da (n-1)-n qordis gadakveTis wer-
tilis ordinatis tolad, naCvenebi KK wrfidan wertilis 
mniSvnelovani dacilebisas (mag: n' wertili) SeiZleba mivmarTod 
siCqaris patara intervalebs пп vv ' , raTa wertilis Semdgomi 
agebisas is aRmoCndes KK wrfis siaxloves. 
VПО moZebnis martivi gza mdgomareobs SemdegSi, rom v = f(s) 
agebul wertilebze n an n' –is CaTvliT atareben mdore mruds (ix. 
nax. 6) am mrudis KK wrfesTan gadakveTis ordinata gansazRvravs 
Vno. 
  kuTxeebi SeiZleba avagoT paraleluri wrfeebisa da ara 
perpendikularebis gatarebiT rogorc nax. 5-ze Tu Tanabar-
moqmedi Zalebis fxv. = f(v)  diagramas movabrunebT 90
o gradusiT 
saaTis isris mimarTulebiT ise, rom V RerZi iyos paraleluri s 
RerZisa da fxv. RerZi _ paraleluri V RerZis koordinatTa V, S 
sistemis. paraleluri wrfeebi tardeba ufro zustad, vidre 
perpendikularebi, vinaidan agebis sisworeze ar moqmedebs sam-
kuTxedis swori kuTxis siswore, bevri avtori upiratesobas ani-
Webs moZraobis mrudebis agebisas gamoiyenon paraleluri wrfe-
ebi. 
nax. 7–ze naCvenebia gorvis da samomsaxureo damuxruWebis 
mrudebis ageba, romelic warmoebs paraleluri wrfeebis 
gatarebiT Sesabamis O11, O12 ... sxivebTan. t = f(s) mrudis ageba 
gzaTa mimosvlis saministros meTodiT.  
t = f(s) damokidebulebas grafikulad angariSoben manamde age-
buli mrudis daxmarebiT. Tanabar-aCqarebuli moZraobisas mrudi 
t=f(s) aseve parabolas warmoadgens. amitom  s  gzis nebismieri 
gardaqmnisas parabolas mxebi t  saSualo mniSvnelobisas iqneba 
parabolas qordis paraleluri. am mizeziT рр mxebis da eh 
qordis daxris kuTxeebi s RerZTan iqneba erTnairi (nax. 8. a.) 
mxebis kuTxuri koeficienti tolia: 
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





t
sm
m
sm
tm
tg
s
t
s
t
 
sadac  mt _ drois masStabia 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 7. gorvis da samomsaxureo damuxruWebis mrudebis ageba 
paraleluri wrfeebis meSveobiT 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 
 
nax. 8.. drois  mt masStabis SerCevis meTodika 
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(27) gantolebidan gvaqvs 
                    ,''
saS.v
t
s 

 
Sesabamisad 
                    
saS.vm
mtg
s
t ''                              (34) 
VsaS siCqares vpoulobT v = f(s) mrudis meSveobiT, rogorc sa-
Sualo ariTmetikulis  v  intervalSi, romelic pasuxobs s –s. 
naxazze proporciuli sididis 1/VsaS misaRebad ageben (nax. 8,b) 
marTkuTxa samkuTxeds, romlis erTi kaTetic VsaS–is, xolo 
meore kaTetis sigrZe   mudmivis tolia. vpoulobT   kaTetis 
mopirdapire kaTetis '  kuTxis tangess 
                 
saS.vm
tg
v
'                             (35) 
Tu davuSvebT, rom  '  kuTxeebi tolia (34) da (35) vuto-
lebT erTmaneTSi, viRebT: 
               
s
vt
m
mm''                                (36) 
es xerxi saSualebas iZleva grafikulad vipovoT   mxebis 
daxris kuTxeebi s  gzis mimdevrobiTi intervalebisaTvis, rome-
lic miRebulia v = f(s)  mrudis asagebad. 
gavatarebT ra   napovni kuTxeebiT S RerZis mimarT qordebs, 
s  intervalis farglebSi vpoulobT stgmt s  dros da 
Sesabamisad t = f(s) mrudis wertilebs. 
nax. 9. praqtikulad  kaTeti, romelsac `polusur manZils~ 
uwodeben, mosaxerxebelia gavataroT s RerZis mimarT misi sawinaa-
Rmdego mimarTulebiT, magaliTad O’ wertilidan, rogorc naCve-
nebia nax. 5-ze. O" polusuri manZilis bolodan vatarebT O"h 
RerZs, V RerZis paralelurad; masze aRniSnaven I, II,... wertilebs, 
romlebic pasuxoben VsaS.1,  VsaS.2 ... saSualo siCqareebs da atarebT 
O'IO, O'II sxivebis marTobulad, rogorc es naCvenebia nax. 5-ze. 
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nax. 9. gzis profilis cvlilebis SemTxvevaSi polusuri manZi-
lis cvlileba matareblis moZraobis reJimebis gaTvaliswinebiT 
 
 
 
 
Tu B polusur manZils movabrunebT RerZTan erTad 900–iT 
saaTis isris mimarTulebiT, O'I, O'II saWiroa movabrunoT ara per-
pendikularulad, aramed Sesabamisi sxivebis paralelurad. am 
SemTxvevisaTvis nax. 7-ze naCvenebia polusuri manZilis da misi 
O"h marTobuli RerZis ganlageba, romlis mixedviTac deben sa-
Sualo siCqareebs da am meTodiT ageben t = f(s) mruds gorvisa da 
samuxruWo reJimebisaTvis. 
cxr. 2-Si moyvanilia masStabebi, romelTa gamoyenebac  mosa-
xerxebelia moZraobis mrudebis grafikuli meTodiT agebisas. 
eleqtromavlis wevisaTvis, samuxruWo da sxva specialuri gaan-
gariSebisaTvis masStabebis mniSvneloba rekomendebulia -is wevis 
gaangariSebis wesebis (w.g.w.) mier. cxrilSi 2. miTiTebulia masS-
tabebis gaangariSebisaTvis saWiro mbrunavi nawilebis inerciis 
 1  koeficientebi.  1 –s sxva mniSvnelobebisas, masStabebi 
aucilebelia viangariSoT (33) da (36) gamosaxulebebiT. 
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cxrili 2. 
w.g.w.–s mier rekomendebuli masStabebi moZraobis mrudeebis 
grafikuli meTodiT gaangariSebisaTvis 
masSta-bebi 
satvirTo 
da 
samgzavro 
matarebleb
i-saTvis  1 =1,06 
el.matare
b-
lebisaTvi
s  1 =1,06 
samuxr. da 
sxva spec. 
gamoTvle-
bisaTvis  1 =1,06 
metropo
li-
tenisaTvi
s    1 =1,1 
1 2 3 1 2 1 2 1 2 
mv1 mm/kgZ/sT 
mk1 mm/kgZ/t 
ms1 mm/kgZ 
mt1 mm/wT 
 1 mm 
2 
12 
40 
10 
30 
1 
6 
20 
10 
30 
2 
10 
48 
10 
25 
1 
2 
60 
50 
50 
1,5 
3 
90 
50 
50 
2 
2 
240 
- 
- 
1 
1 
120 
- 
- 
2 
2 
230 
100 
52 
1 
1 
115 
50 
26 
 
 
 
 
1.9 matareblis moZraobis gantolebis integrirebis 
ricxviTi meTodi 
 
cnobilia matareblis moZraobis gantolebis ricxviTi meTo-
diT integrireba, romelic SeiZleba davyoT sam jgudad saerTo 
intervalis mwkrivebad daSla; TandaTanobiT miaxloebis meTodis 
gamoyenebiT; miaxloebiTi ricxviTi integrireba. [12] 
diferencialuri gantolebebis cifrul amoxsnas safuZveli 
daudo l. Eilerma. [13]  
vTqvaT saZiebeli funqcia ganisazRvreba diferencialuri 
gantolebiT 
                   dx
dy
= ).,( yx  
sawyisi pirobebiT )( 0xy = 0y , Tu avirCevT raRac bijs h, 
miviRebT rom vidre X mrudeebs X0-sa da X0 +Hh –s Soris y 
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mcired gansxvavdeba y0–isgan da warmoebuli D dx
dy
inarCunebs 
mudmiv mniSvnelobas ).,( yx  maSin gansaxilveli 
intervalisaTvis SeiZleba davweroT:  
y =y0 + ( x – x0 )· ).,( 00 yx  
  
roca x =x0 + h 
 y =y0 +h ),( 00 yx = ( x – x0 )y1 
meore intervalisaTvis, roca x =x0 = x0 + 2h 
y = y0 + h ),( 11 yx = y2 
da a.S. miviRebT wertilTa erTobliobas kordinatebiT  
xì – xì, aris texili xazis wveroebi da warmoadgens ganto-
lebis miaxloebiT amoxsnas. saerTo saxiT nebismieri i–sTvis 
SeiZleba davweroT 
yi+1 = yi + h ),( ii yx   (i = 0,1,2...).              
rac ufro mcirea h, miT ufro axlosaa miRebuli wrfe 
saZiebel integralur mrudTan y = y(x). Mmagram rac unda mcire 
iyos biji, wertilTa mcire cdomilebebi ikribeba, grovdeba da 
aRwevs sakmaod did sidides, miTumetes im SemTxvevaSi, roca 
funqcia swrafad icvleba erTi bijidan meore bijSi gadasvlisas 
mis modifikacias eileri-koSis dazustebuli meTodiT SeiZleba 
Teoriulad gavukeToT realizacia gamoTvliT manqanebSi 
specialurad wevis gaangariSebisaTvis gamoyeneba hpova y = y(x) 
funqciis daSlam teiloris  an maklarenis mwkrivebad. [9;13] 
y(x + h)= y(x) + )(
!
...)(
!2
)(
!1
''
2
' xy
n
hxyhxyh n
n
 + fn 
sadac  fn _ aris mwkrivis naSTi. 
Tu gamoviyenebT am mwkrivis pirvel or wevrs, maSin miviRebT  
diferencialuri gantolebis ricxviTi amoxsnis eileris zemoT 
aRniSnul meTods. wevis gaangariSebis wesebi eleqtronul-
gamomTvlel manqanebze gamosayeneblad rekomendacias iZleva, 
rom bolo mwkrividan gamoviyenoT pirveli sami wevri. [11] 
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eleqtronul gamomTvlel manqanebze wevis gaangariSebis 
Catarebisas saWiroa gamoyenebul iqnas Semdegi rekomendaciebi: 
TiToeuli gza unda daiyos calkeul ubnebad, romlisTvisac 
gaicema damoukidebeli davalebebi da mis safuZvelze Catardes 
wevis gaangariSebebi. ubnis sazRvrad aiReba sadgurebi, sawar-
moebis matareblis masis normis gardatexa, eleqtromavlis an 
salokomativo brigadis Secvla da a.S. ubnisaTvis unda gvqondes 
Semdegi informacia, romelic mzaddeba biblioTekis saxiT, sadac 
am saangariSo ubans miekuTvneba gansazRvruli Sifri. TiToeul 
saangariSo ubanze unda gvqondes Semdegi cnobebi: ubnis Sifri; 
ubanze kavSiris saxe; ubnis profili; gamyofi punqtebis Camo-
naTvali gadasarbenebis RerZebs Soris manZilis da RerZidan 
Sesasvlel da gamosasvlel SuqniSnamde manZilis CvenebiT; gzis 
ubnis mosaxvevebis raodenoba. dasaSvebi siCqareebi; moZraobis 
siCqareebi mTavar da sasadgure gzebze; informacia moZrav Semad-
genlobaze – eleqtromavlebis da eleqtromatareblebis seria, 
saangariSo masa da konstruqciuli siCqare, wevis maxasiaTeblebi 
Fk = Fk (v), eleqtromavlis da eleqtromatareblebis denis muSa 
maxasiaTeblebi Ie = Ie(v), wevis Zravis siTburi maxasiTeblebi, sa-
muxruWe da denis maxasiaTeblebi Tu ganixileba rekuperaciuli 
damuxruWeba da monacemebi savagono parkis Sesaxeb. 
mTliani informacia ubnebze, moZrav Semadgenlobaze gaivlis 
winaswar damuSavebas da organizdeba Sesabamisi biblioTekebiT, 
romelic inaxeba manqanis gare mexsierebaSi. gaangariSebis Sede-
gad unda miviRoT Semdegi rezultatebi: svlis da damuxruWebis 
dro gadasarbenze, energiis xarjis sidide gadasarbenebze 
eleqtromavlis moZraobis reJimebis mixedviT unda Semowmdes 
wevis Zravebi gaxurebaze, SeiZleba gamomTvlelma manqanam calke 
warmoadginos grafikebi v = v(s) ; t = (s). 
gamoTvliTi teqnikis gamoyeneba moZraobis gantolebis, ro-
gorc analizuri, ise ricxviTi meTodiT amoxsnisas rTuldeba 
mosamzadebeli samuSaos Catarebis gamo, gansakuTrebiT bijis 
SerCevisas, es gamowveulia imiT, rom rkinigzis grZivi profilis 
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monacemebi moicavs manZilis monakveTebs ∆s  – sigrZiT 100, 150, 200, 
250m–s, romlis farglebSic icvleba rogorc qanobi, ise mosa-
xvevebis radiusebi da rkalis sigrZeebi. da amis realuri asaxva 
programaSi praqtikulad SeuZlebelia, radgan programirebis 
dros unda SemoviRoT cvalebadi biji, romlis dasawyisis da 
bolos fiqsireba praqtikulad SeuZlebelia.  
jer kidev XX–e saukunis dasawyisSi Seiqmna pirveli mata-
reblis moZraobis gantolebis integratorebi, romlebic efuZne-
boden moqmedebis meqanikur (a.n. krilovis integratori) da 
eleqtromeqanikur (amsleris integratori) principebs. arcerT 
xsenebul manqanas ar gaaCnda moqmedebis maRali siswrafe da 
amitom didi gavrceleba am manqaneba ver hpoves. 
1954w. Seiqmna wevis gaangariSebis Catarebis avtomati e.w. 
(АТР), romelic efuZneboda specialuri moqmedebebis blokebis da 
funqcionaluri gardasaxebis moqmedebebs. Ees manqanebi axorcie-
lebden algebrul Sekrebebs, integrirebas da sxva operaciebs 
manqanaSi modelirebuli sidideebis gamoyenebiT, risTvisac mo-
Zraobis gantolebaSi Semavali moqmedi cvladebi x1, x2,...xn, 
warmodgeboda Sesababisi Zabvebis saxiT. am blokebis meSveobiT 
xdeboda xvedriTi Zalebis aproqsimacia da warmoebda moZraobis 
gantolebis miaxloebiTi integrireba. aseTi saxiT cvladebis 
Seyvana operatorisaTvis warmoadgenda metad rTul samuSaos da 
moiTxovda did dros, radgan aseTive meTodiT xdeboda gzis 
profilis modelirebac da winaRobebis mniSvnelobebis Seyvana 
xdeboda potenciometris gamoyenebiT. Aam sirTuleebis gamo avto-
matis gamoyeneba did problemebTan iyo dakavSirebuli. 
miuxedavad aRniSnuli manqanebis Semdgomi daxvewisa da 
eqspluataciis gamocdilebam aCvena, rom ufro efeqturi iyo 
wevis gaangariSebis Catareba e.g.m–is gamoyenebiT. 
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2.Sedegebi da maTi gansja 
 
2.1 wevis gaangarisebisaTvis saWiro mosamzadebeli samuSaos 
Catarebis struqtura 
 
2.1.1 profilis gasworeba 
 
matareblis moZraobis gantolebis gadawyveta grafikuli me-
TodiT, garda amaCqarebeli da Semanelebeli Zalebis diagra-
mebisa, yoveli moZraobis reJimisaTvis aucilebelia, rom vico-
deT moZraobis damatebiTi winaaRmdegobis Zalebis mniSvnelobebi 
[14]. 
rkinigzis reliefi Sedgeba rigi mimdevrobiT ganlagebuli 
elementebisagan, romelic gansxvavdeba qanobis daxrilobiT da 
zogierT maTganze sxvadasxva radiusis mqone mrudebisagan. gaan-
gariSebebis gamartivebisaTvis da maTi sizustis amaRlebisaTvis 
erTi elementidan meoreze gadasvlis dros mocemul profils 
amuSaveben-asworeben profilSi da gegmaSi. mocemul moZraobis 
damatebiT winaaRmdegobas iTvaliswineben V(s) mrudis agebis 
dros. [1;2;3;4;5;6;7;10;11;15] 
profilis elementebis gasworeba gulisxmobs ramodenome 
mezoblad ganlagebuli elementebis Secvlas (romlebic didad 
ar unda gansxvavdebodes). gamomdinare aqedan, gasworebuli pro-
filis elementi ganisazRvreba: 
         

i
ii
c s
si
i '                           (37) 
 
sadac 'ci  _ gasworebuli qanobis elementia, ‰; 
ii _ TiToeuli gasasworebeli elementis qanobi, ‰; 
si _ TiToeuli gasasworebeli elementis sigrZe, ‰; 
im SemTxvevaSi, roca mocemulia ara qanobebi, aramed simaR-
leebi zRvis donidan, sidide 'ci  ganisazRvreba, rogorc: 
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        'ci =1000 (Hsaw. – H das.)  / Sc                                                                (38) 
sadac Hsaw. da Hdas. – simaRlea, Sesabamisad, dasawyisia da dasas-
rulia gasworebuli elementisa zRvis donidan, m; 
Sc _ gasworebuli elementis sigrZe, m. 
Tu gavasworebT elementebs, romlebic didad gansxvavdeba 
qanobis daxrilobiT, maSin mocemuli formuliT gaangariSeba 
iZleva damatebiT cdomilebas. amitom wevis gaangariSebis wesebSi 
moyvanilia empiriuli formula profilis elementebis 
Sesamowmeblad, raTa cdomileba iyos dasaSveb farglebSi. 
                i
Si 
2000
                            (39) 
miaxlovebiT gamoTvlebisaTvis SeiZleba visargebloT 
                 
i
Si
4000  
sadac ic iii   _ absolituri sxvaobaa (niSnis gaTvaliswinebis 
gareSe) gasworebul da Semowmebul qanobis elementebs Soris. 
(39) formuliT mowmdeba yoveli gasworebuli elementi.  
damatebiTi winaaRmdegobis gadasalaxavad, romelic warmo-
iqmneba matareblis moZraobis dros mrudebSi, iTvaliswineba 
mTeli gasworebuli Sc ubnis farglebSi (an Tu ar swordeba, si 
elementis farglebSi) da ara mrudis sigrZis farglebSi. es 
damatebiTi winaaRmdegoba wrfiv aRmarTze e.w. fiqtiur ic"  aR-
marTze. ramdenime mrudis arsebobisas elementze mas gansazRv-
raven formuliT: 
  



i
i
c
c R
s
s
i g700''  an 
c
i
c S
i  0'' 2,12         (40) 
sadac ic" _fiqtiuri aRmarTia, ‰; 
Sgi  _ gasworebul elementze TiToeuli mrudis sigrZea. 
Ri _ TiToeuli mrudis radiusia, m; 
da   ic"  jams saboloo an moyvanil qanobs uwodeben. 
                               ic =  ic' +  ic"                                                             (41) 
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aRmarTze   ic"   iqneba `+~ niSniT, daRmarTze `_~ niSniT. ic"  
sidides yovelTvis aqvs `+~ niSani. 
 
 
 
2.1.2 Semadgenlobis masisa da wonis gansazRvra 
 
sayovelTaod cnobilia, rom tvirTebis gadazidva gacilebiT  
momgebiania didi masis mqone satvirTo matareblebis SemTxvevaSi. 
am dros izrdeba rkinigzis gamtarunarianoba, mcirdeba TviTRi-
rebuleba da izrdeba gadazidvebis ekonomikuri mxare, Tumca 
aRniSnuli situacia moiTxovs lokomotivis wevis Zalis da  
simZlavris zrdas.  
Semadgenlobis masas satvirTo matareblebisaTvis gansazRv-
raven lokomotivis maqsimaluri wevis Zalis pirobis gaTvaliswi-
nebiT SesaZlo maqsimalur qanobze moZraobisas, miRebul Semad-
genlobis masas amowmeben adgilidan daZvris da sadguris lian-
dagebSi Catevis pirobiT. samgzavro matareblebis masas gan-
sazRvravs wevis gaangariSebis wesebi. [11]  
matareblis masis gaangariSebis win aanalizeben ubnis pro-
fils da irCeven yvelaze did aRmarTs. yvelaze cicabo aRmarTi, 
romelsac gaaCnia SedarebiT didi gavrcelebis sidide, romelze 
moZraobisasac siCqare mcirdeba da aRwevs (w.g.w.) –iT dasaSveb 
mniSvnelobas ganixilaven, rogorc saangariSos, xolo lokomo-
tivis mier ganviTarebul wevis Zalas aseve Tvlian saangariSod 
[16] 
im SemTxvevaSi, roca yvelaze cicabo aRmarTs aqvs mcire 
gavrcelebis sidide da mis win ganlagebulia msubuqi elemen-
tebis profilebi, matareblis masas gansazRvraven SerCevis meTo-
diT, kinetikuri energiis gaTvaliswinebiT. 
Tanabari moZraobis dros saangariSo qanobze saangariSo 
wevis Zala tolia matareblis winaaRmdegobis Zalebisa. 
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       s.qSs.qlsaan.   ''0'0 WgmWgmF            (42) 
sadacF Fsaan. _ lokomotivis saangariSo wevis Zalaa, n, romelic 
aiReba wevis gaangariSebis wesebidan. 
is.q _ saangariSo qanobia (mrudis gaTvaliswinebiT) ‰. 
am gantolebidan vpoulobT Semadgenlobis masas, t,  
         
  giw WgmFm s.q s.qlsaan.S 
 ''
0
'
0 
                         (43) 
saangariSo qanobze elmavlebisaTvis R<800m da Tbomavlebi-
saTvis mrudis arsebobisas, saangariSo wevis Zala mcirdeba 
saangariSo CaWidebis koeficientis Sesabamisad, romelic fasdeba 
Ksaan. 
CaWidebis koeficientis Semcirebis gaTvaliswinebiT saanga-
riSo da rTul qanobze ramdenime mrudis moZraobisas, romlebic 
ganlagebulia gzis gasworebul ubanze, rogorc wesi 2-3 km, au-
cilebelia ganisazRvros lokomotivis wevis Zalis ekvivalen-
turi Semcirebis koeficienti. [1] 
                    Ssaan.C.saan. SSKK ii /  
Tu matarebeli moZraobs patara gavrcelebis mqone qanobze 
da siCqaris damyareba ar miiRweva, maSin matareblis masa gani-
sazRvreba Semdegi formiT. iReben mcire cicabo qanobs, magram 
didi gavrcelebisas da (43) formuliT sazRvraven matareblis 
wonas, Sermdgom Semadgenlobas amowmeben udides cicabo qanobze 
gavlaze, kinetikuri energiis SemowmebiT analizurad an 
grafikuli meTodiT. imis gamo, rom siCqare, romliTac is uax-
lovdeba am qanobs, ucnobia, gaangariSeba warmoebs im adgilidan 
sadac siCqare cnobilia: gasaCerebeli adgilidan, siCqaris Sez-
Rudvis adgilamde da a.S. 
analizuri meTodiT sazRvraven manZils, romelsac gadis 
matarebeli mas Semdeg, rac Seicvleba siCqare im niSnulamde, 
romliTac is miuaxlovdeba udides saangariSo qanobs.  
(kinetikuri energiis gaTvaliswinebiT) 
 56
            
 
  

iWf
VV
SS
kk
ii
i
2217,4 das.saw.
              (44) 
sadac Vsaw.i , Vdas.i _ siCqarea Sesabamisad intervalis dasawyissa 
da dasasrulSi km/sT; 
Si _ manZilia, romelsac gadis matarebeli Vsaw.i da Vdas.i siC-
qaris dros m; 
(fk – Wk) _ saSualo xvedriTi amaCqarebeli Zalaa, romelic 
moqmedebs Vsaw.i - Vdas.i siCqaris intervalSi n/kn. 
angariSis sizustis asamaRleblad aucilebelia Vsaw.i _ Vdas.i 
aviRoT araumetes 10 km/sT. Tu S  manZils monakveTebis jami toli 
iqneba udidesi qanobis, an gadaaWarbebs mas, matarebeli SeZlebs 
mis gavlas, Sesabamisad gaangariSebuli matareblis masa mocemul 
monakveTze damyarebulia. im SemTxvevaSi, roca S aRmoCndeba udi-
des qanobis sigrZeze naklebi gvixdeba matareblis masis Sem-
cireba da Semcirebuli matareblis Semowmeba udidesi qanobis 
gavlaze. ase SerCevis meTodiT pouloben matareblis dasaSveb 
masas. [17] 
mS matareblis masis grafikuli meTodiT gansazRvrisas 
mimarTaven (43) im qanobisaTvis, romlis sididec udides qanobze 
naklebia. mS1 masisaTvis sazRvraven xvedriT amaCqarebel Zalebs 
wevisas da Semdgom ageben V(S), im masidan dawyebuli, roca cno-
bilia matareblis moZraobis siCqare. Tu udides qanobze siCqare 
ar iqneba saangarisoze naklebi Vsaan. matarebeli SeiZleba gatar-
des ubanze. Tu aRmarTis bolos is aRmoCndeba Vsaan. naklebi, 
aucilebelia Semadgenlobis masis Semowmeba da zemoT 
aRniSnulis ganmeoreba. 
matareblis masis Semowmeba adgilidan daZvris da sadguris 
liandagebSi Catevis pirobiT warmoebs Semdegi gziT: 
pirvel SemTxvevaSi aucilebelia ganvsazRvroT moZraobis 
xvedriTi winaaRmdegobis Zalis mniSvneloba matareblis 
daZvrisas igi ganisazRvreba Semdegi empiruli formuliT: 
sriala sakisrebis SemTxvevaSi 
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            7
142
 v.RdaZ.sr. m
W                                 (45) 
gorgolaWiani sakisrebis dros 
            7
28
 v.RdaZ.g. m
W                                  (46) 
matareblis Semadgenlobis maqsimaluri masis mniSvneloba, 
romlis daZvrac ZaluZs lokomotivs ganisazRvreba Semdegi 
formuliT:. 
             ldaZ.S.daZ. mgiW Fm                           (47) 
 
sadac mS.daZP _ Semadgenlobis masaa, romelic lokomotivs SeuZ-
lia daZras adgilidan (daZvris pirobiT), t; 
F _ lokomotivis adgilidan daZvris dros wevis Zalaa n; 
romelic aiReba wevis gaangariSebis wesebidan. 
g _ Tavisufali vardnis aCqarebaa, romelic tolia 9,81 m/wm2; 
i _ qanobi; romelzec xorcieldeba matareblis daZvra ‰; 
ml _ lokomotivis masaa, t; 
mv.R – vagonis RerZze mosuli masaa t. 
Tu Semadgenlobis masa gaangariSebulia adgilidan daZvris 
pirobiT, gamova naklebi saangariSo qanobis masaze (m S.daZP< mS), 
maSin lokomotivi ver SeZlebs daZras Semadgenloba. am SemTxve-
vaSi aucilebelia mocemul punqtze ar davuSvaT matareblis 
gaCereba an daZvrisaTvis gamoviyenoT ori lokomotivi. 
matarebeli sadgurSi unda gaCerdes ise, rom rkinigzis nor-
maluri funqcionireba iqnas SenarCunebuli, anu Semadgenloba 
unda ganlagdes sadguris liandagebSi, romelic standartizi-
rebulia wevis gaangariSebis wesebiT (720, 850, 1050, 1250 m). [11] 
 Semadgenlobis sigrZe, romelic SeiZleba davikavoT 
sadguris liandagebSi savagono SemadgenlobiT ganisazRvreba: 
                lSem. = ls   -  nl. ll.  -  10 m                                (48) 
sadac ll _ lokomotivis sigrZea, m; 
 nl _ lokomotivebis raodenoba ; 
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  matareblis realuri sigrZe gamoiTvleba: 
 
                                iilnl S ;  m. 
 
SemadgenlobaSi TiToeuli tipis vagonis raodenoba 
 
                    i
i
i m
mn 
S.
S                              (49) 
sadac Bmv _ mocemuli tipis vagonis saSualo masaa, t; 
       i _ masuri wilia. 
Tu matareblis sigrZe gamova sadguris liandagebis sigrZeze 
meti, aucilebelia matareblis sigrZis Semcireba. 
 
 
 
2.1.3 samuxruWo angariSi 
ZiriTadi cnobebi da amosavali monacemebi 
 
 
samuxruWo mowyobilobebis mier Seqmnili samuxruWo Zala 
emsaxureba matareblis gaCerebas gansazRvrul adgilebSi, siCqa-
ris mudmivobis SenarCunebas cicabo qanobze da siCqaris Semci-
rebas im monakveTebTan miaxlovebisas, sadac siCqare SerCeulia. 
damuxruWeba, romelic miznad isaxavs matareblis gaCerebas 
da gamoiyeneba eqspluataciis normalur pirobebSi, iwodeba 
samomsaxureod. 
a s Seneleba samomsaxureo damuxruWebisaTvis satvirTo da 
Soreuli samgzavro matareblebisaTvis dgindeba upiratesad 
saeqspluatacio mosazrebidan misvlis profilis da 
gasaCerebeli punqtis gaTvaliswinebiT. mokle gadasarbenebze 
moZraobisas sagareubno da metropolitenis SemadgenlobisaTvis 
as Senelebis arCeva efuZvneba teqnikur-ekonomikur gamoTvlebs. 
daaxloebiT as saSualo mniSvnelobebi moyvanilia cxril 3. -Si. 
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 cxrili 3. 
samuxruWo mowyobilobebis mier Seqmnili samuxruWo Zalis 
as Senelebis arCeva 
matareblis tipebi as  m/wm2
 
satvirTo 0,1  0,4 
samgzavro (Sors mimavali) 0,3  0,6 
sagareubno el.  0,5  0,8 
matarebeli 0,7  1,0 
 
 
 
garda amisa aucilebelia, rom samuxruWo mowyobilobebi 
aseve aCerebdnen matarebels mocemul samuxruWo monakveTze 
eqstremaluri damuxruWebisas an niSanze gaCerebisas. 
eqstremaluri damuxruWeba, emsaxureba avariebis da ubeduri 
SemTxvevebis Tavidan acilebas. igi warmoadgens matareblis 
usafrTxo gadaadgilebis saSualebas. 
eqstremaluri damuxruWebis moTxovna SeiZleba gaCndes 
matareblis moZraobisas nebismier dros, gzis nebismier mona-
kveTSi. 
amitom udidesi Zalis dros, romelic SeiZleba warmoqmnas 
matareblis samuxruWo mowyobilobebma, aucilebelia matareblis 
moZraobis siCqare SeizRudos ise, rom gzis yovel monakveTze 
umciresi samuxruWo manZili ar aRematebodes saangariSo 
minimalur ls.s. an piriqiT, maRali siCqariT moZraobisas, samu-
xruWo mowyobilobebi uzrunvelyofdnen matareblis gaCerebas 
gzis monakveTze, romelic ar aRemateba ls [11;18]. 
muxruWebSi STainTqmeba kinetikuri energia, romelic tolia 
2
2mv
, samuxruWo manZili miT ufro didia, rac metia masa da 
gansakuTrebiT matareblis moZraobis siCqare, vinaidan da 
radganac 
                      
2
2mvSB s  
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amitom samuxruWo mowyobilobebis simZlavris zrda saSua-
lebas iZleva gavzardoT matareblis moZraobis siCqare usafrT-
xoebis moTxovnis gaTvaliswinebiT. samuxruWo mowyobilobebis 
mocemuli simZlavris dros SeiZleba davuSvaT imdenad didi 
siCqare, ramdenadac didi manZili, romelic memanqaneebs eZlevaT 
matareblis gaCerebisaTvis da ramdenadac cicaboa aRmarTi 
mocemul gzis monakveTze. praqtikulad samuxruWo angariSebi 
tardeba mxolod daRmarTebisaTvis. 
udidesi dasaSvebi samuxruWo manZili eqstremaluri 
damuxruWebisas dgindeba wevis gaangariSebis wesebiT avto-
damuxruWebis mqone matareblebisaTvis saangariSo samuxruWo 
manZilis sigrZe Seadgens daaxloebiT 800m. dResdReobiT 
angariSebi yvelaze xSirad tardeba 1000-1200 m-ze. [11] 
saangariSo samuxruWo manZili Ss.s. tolia realuri samux-
ruWo manZilis Ss da mosamzadebeli manZilis Smos (romlisTvisac 
saWiroa t mos  dro) _ jamisa. 
 
                          S s.s.  -  S mos.  =  Ss                                                                (50) 
daaxloebiT mosamzadebeli manZili lmos ganisazRvreba mata-
reblis mudmivi siCqariT gavlisas pirobidan, romelic tolia Vs 
damuxruWebis sawyisi siCqarisa. 
              moss tvS tп ''
1
                       (51) 
wevis gaangariSebis wesebis Tanaxmad rekomendirebulia 
mosamzadebeli drois Semdegi mniSvnelobebi tmos. [wm] 
satvirTo SemadgenlobisaTvis avtomaturi muxruWebiT 200 
RerZis da naklebis dros: 
               smos 1000
107 cit .                        (52) 
satvirTo SemadgenlobisaTvis 200 RerZi da metis dros 
avtomaturi muxruWebis SemTxvevaSi: 
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             smos. 1000
1510 cit                       
nebismieri sigrZis satvirTo Semadgenlobis dros eleqtro 
pnevmaturi  damuxruWebis SemTxvevaSi 
              smos. 1000
32 cit                        
samgzavro matareblebisaTvis marto lokomotivebisaTvis 
pnevmaturi muxruWebis SemTxvevaSi 
         smos. 1000
54 cit                           (53) 
samgzavro matareblisaTvis el. pnevmaturi muxruWebiT tmos = 
= 2 wm. 
xelis muxruWis SemTxvevaSi tmos = 60 wm 
am formulaSi ic _ qanobis elementis sididea, romlisTvisac 
tardeba samuxruWo angariSi. 
  _ udidesi saangariSo samuxruWo koeficienti eqstrema-
luri damuxruWebis reJimis dros. 
  _ xaxunis saangariSo koeficienti maqsimaluri siCqaris 
dros Tvalis qimsa da samuxruWo xunds Soris damuxruWebis 
dawyebis momentSi arsebuli siCqaris dros. 
eleqtro pnevmaturi damuxruWebis dros orientirebisaTvis 
miRebulia tmos = 55 wm 
(52) da (53) formulebSi meore wevrebi moyvanilia imitom, rom 
daaxloebiT gaTvaliswinebul iqnes matareblis siCqaris 
cvlileba mosamzadebeli droisas, gorvis reJimSi ik qanobze 
mosamzadebel samuxruWo manZilze. 
Tumca maqsimaluri dasaSvebi siCqariT qanobze moZraobisas, 
aseTi Sesworebis aucilebloba ar arsebobs, radganac mata-
rebels aucileblad waamuxruWeben, raTa siCqarem mocemul 
qanobis elementze moZraobis dasaSveb siCqares ar gadaaWarbos. 
 
 
 62
2.1.4 samuxruWo amocanis tipebi 
 
samuxruWo manZilis Ss.s sigrZe damokidebulia samuxruWo 
manZilze, romelic mocemuli xundebis tipebidan gamomdinare 
xasiaTdeba samuxruWo koeficientiT   samuxruWo siCqariT Vs da 
i  qanobis sididiT. radganac oTxive koeficienti is, Vs, s  da i 
uSualod dakavSirebulia erTmaneTTan, samuxruWo angariSis 
safuZvelze unda gadawydes 4 tipis amocana. [19] 
a) damuxruWebis dawyebis siCqaris Vs dasaSvebi mniSvneloba 
mocemuli qanobis, 
s  samuxruWo koeficientis da SsP samuxruWo 
manZilis SemTxvevaSi; 
b) samuxruWo koeficienti 
s   mocemuli  Ss.s,  da i SemTxve-
vaSi; 
g) samuxruWo manZili Ss.s cnobili sami sididis mixedviT; 
d) i qanobis mocemuli Ss.s, s  da VsP SemTxvevaSi. 
wevis gaangariSebaSi ufro xSirad saWiro xdeba gadavWraT 
`a~ da `b~ punqtebSi moyvanili piroba. 
ganvixiloT samuxruWo amocanebis gadawyvetis saerTo 
safuZvlebi. 
gamoviyenoT moZraobis gantoleba 
       xv.fds
dvv ' ; 
sadac    G
FF xv.  
samuxruWo reJimisaTvis f = - (b0 + i) –is CasmiT 
               dsibvdv  0'                          (54) 
(54) gantolebis integrirebiT Vs – siCqariT cvlilebis far-
glebSi da 0-dan Ss.s  _  Smos  =  Ss  manZilis farglebSi miviRebT:   
              dsibv S  ss 0 0'2 2                     (55) 
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axla samuxruWo manZilis Ss vipovoT Semanelebeli Zalebis 
saSualo mniSvneloba. 
               dsib
S
ib
S  s0 00 1  
da CavsvaT (55) marjvena nawilSi  
                ssaS.s Sibsv  02 '                 (56) 
gaviTvaliswinebT ra g00 1000 Wb    da mxedvelobaSi miviRe-
bT (50) da (51)–s (54) gantolebas warmovadgenT Semdegi saxiT: 
           mos.ss.ssaS.gs tvSiWv ok ''2 110002      (57) 
miRebuli gantoleba (57), romelic saerTo saxiT iZleva 
kavSirs Ss.s, Vs,   da i–s Soris, SeiZleba iyos amosavali nebis-
mieri saxis samuxruWo amocanis gadasawyvetad, Tumca zusti 
amonaxsnis povna am gantolebis meSveobiT Zneldeba imiT, rom 
rogorc l , ise k  damokidebulia siCqareze, maTi saSualo mniS-
vnelobebis gansazRvrisaTvis, saWiroa ganisazRvros manZilidan, 
amitom samuxruWo amocanebs Cveulebriv wyveten grafikuli meTo-
diT an analizuri miaxloebiTi meTodiT. [19;20] 
wevis gaangariSebis wesebis Tanaxmad satvirTo matarebelSi 
araumetes 15% cicabo qanobisa nebadarTulia mxedvelobaSi ar 
miviRoT lokomotivis samuxruWo Zala da misi wona. sxva danar-
Cen SemTxvevaSi samuxruWo Zala da wona iTvaliswineba. [11] 
samomsaxureo damuxruWebis angariSisaTvis satvirTo da 
samgzavro matareblebisaTvis   samuxruWo koeficienti rekomen-
debulia miviRoT eqstremaluri damuxruWebis naxevris tolad, 
eleqtro matareblisaTvis 0,8 udidesi mniSvnelobaa. 
 
2.1.5. siCqaris udidesi dasaSvebi mniSvnelobis gansazRvra. 
 
i qanobze samuxruWo angariSebiT, udidesi siCqaris gansaz-
Rvra, miekuTvneba samuxruWo amocanis `a~ punqts. misi gada-
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wyvetisaTvis pirvel rigSi angariSoben xvedriTi Semanelebeli 
Zalis maxasiaTebels b = f(v). gamovalT ra mocemuli samuxruWo   
koeficientidan, romelic eqstremaluri damuxruWebis pirobas 
miekuTvneba. nebismieri grafikuli meTodiT i qanobisaTvis ageben 
V=f(s) samuxruWo mruds saangariSo samuxruWo manZilis Ss.s dros. 
Cveulebriv amisTvis iyeneben gzaTa mimosvlis saministros 
meTods, rogorc es naCvenebia nax. 10-ze. [3;19;20] 
 
 
nax. 10. V  siCqaris udidesi dasaSvebi mniSvnelobis 
gansazRvra gzaTa mimosvlis saministros  meTodis dros 
 
 
 
agebas iwyeben O'' samuxruWo manZilis bolodan V =0 siCqaris 
dros Semdgom samuxruWo manZilis dasawyisidan ageben mosamza-
debeli manZilis da siCqaris damokidebulebis mruds Smos. = f(vs) 
roca tmos. = const, rogorc, magaliTad, samgzavro vagonebSi eleqt-
ropnevmaturi muxruWis dros, es damokidebuleba wrfiT, romel-
sac atareben Semdegnairad. wertilidan, romelic pasuxobs V 
siCqares mosaxerxebelia 100km/sT gaavleben monakveTs, romelic 
gamosaxulia ms maStabSi, mosamzadebeli manZili mos.mos. vts ''
1
  da  
wertils aerTebs saTavesTan.   wertilis ordinatis gadakveTa 
samuxruWo V = f(s) mrudis gansazRvravs Vs samuxruWo siCqaris 
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dasawyiss, romelic iqneba udidesi Vmax, romelic dasaSvebi 
iqneba matareblis moZraobisas i qanobze. gavimeorebT ra aseTi 
agebis meTods sxvadasxva i1 da i2 qanobebisTvis (ix. nax. 10.), 
SeiZleba ganvsazRvrod Vs, V2s, Vs3... miRebuli siCqareebis 
meSveobiT moZraobis siCqaris mrudis SezRudvebi sxvadasxva qa-
nobze Vmax= f(i). Tu momzadebis dro gamoiTvleba (52), (53) for-
mulebiT, maSin  isini damokidebuli iqneba rogorc i qanobze, 
aseve sawyis damuxruWebis siCqareze Vs, ramdenadac isini 
moqmedeben kp , amitom yovel i qanobis mniSvnelobas Seesabameba 
calkeuli damokidebuleba is.s = f(Vs). ukve arawrfivi, romelsac 
angariSoben  (51) formuliT sxvadasxva Vs -saTvis. amoxsnis 
Semdgomi gza msgavsia zemod  moyvanili aRwerisa. 
 
 
 
nax. 11. qanobis gansazrvrul farglebSi damuxruWebis dros 
udidesi dasaSvebi (Vmaqs.) siCqaris SezRudva konstruqciuli 
(Vkons.) siCqariT 
 
 
 
 
SeiZleba aRmoCndes, rom udidesi siCqareebi, romelic 
dasaSvebia damuxruWebisaTvis qanobis gansazrvrul farglebSi 
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konstruqciul siCqareze maRali nax. 11. Vkonst. -iT SezRudva 
aRniSnulia horizontaluri wrfiT. 
 
 
2.1.6. samuxruWo koeficientis gansazRvra 
 
Tu cnobilia Ss.s da i–s mniSvnelobebi da saWiroa vipovoT 
Ss.s samuxruWo koeficienti, romelic uzrunvelyobs mocemuli  
Vs da i siCqaris dros usafrTxo moZraobas, maSin aseTi amocanis 
gadasawyvetad yvelaze martivia grafikuli interpolaciis 
meTodis gamoyeneba. amisaTvis 21, .. samuxruWo koeficientebia 
saWiro da TiTeuli maTganisaTvis angariSoben Semanelebel 
Zalas b0 = f(v) (nax. 12. a) SemdgomSi zustad ise, rogorc pirveli 
samuxruWo amocanisas ageben V = f(s) samuxruWo reJimisaTvis da 
aseve Ss.s = f(Vs) yoveli AaRebuli   mniSvnelobisaTvis. Sesa-
bamisi mrudebis V = f(s) da S = f(Vs) wertilebis ordinatebi gani-
sazRvreba damuxruWebis sawyisi siCqareebi V1, V2, V3... da 21, ... 
koeficientisaTvis.  
am mniSvnelobebiT agebuli mrudis  sVf  mixedviT vpou-
lobT   monakveTis mocemul Vs siCqarisaTvis, rogorc 
naCvenebia nax. 13-ze. 
 
 
2.1.7. samuxruWo angariSis miaxlovebiTi  
analizuri meTodi 
 
Tu ganvsazRvravT Semanelebeli Zalebis (b0+i)saS.=(b+WOg+i)saS 
saSualo mniSvnelobebs manZilis mixedviT, SesaZlebelia uSua-
lod gamoviyenoT samuxruWo amocanis gadasawyvetad (57) ganto-
leba. 
rogorc naCvenebia umravlesi gamoTvlebi V = f(s) mrudisa 
gaCerebamde, sxvadasxva siCqaris funqciaSi xvedriTi 
Semanelebeli Zalebis maxasiaTeblis saSualo mniSvnelobebis 
povna manZilis mixedviT savsebiT zustad SesaZlebelia vupovoT 
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b0 = f(V) mrudis mixedviT Vxv siCqarisaTvis, romelic axlosaa 0,7, 
samuxruWo siCqaresTan Vs –sTan Sesabamisad 
 
                   Vs.saS. = 0.7 Vs                                                                             (58) 
radganac V = f(s) mrudi damuxruWebisas axlosaa parabolas-
Tan, romlis drosac Vs.saS. = 0.67 Vs 
 
 
 
     
nax. 12. samuxruWo koeficientebis        nax. 13. samuxruWo koe- 
gansazRvra samuxruWo manZilis          ficientebis gansazRvra 
mixedviT       samuxruWo manZilis 
mixedviT 
 
 
 
viTvaliswinebT ra ,10000 gok Wb    k  da Wog damokidebu-
lia siCqareze, gantolebis misaRebad, romelic saSualebas 
iZleva samuxruWo amocanebi meore, mesame da meoTxe tipebisaTvis 
unda vipovoT saS.k  da W0g.saS mniSvnelobebi. Sesabamisi siCqare-
ebis 0,7V CasmiT (57) tolobaSi. marTlac (57)-iT advilad wydeba 
V, Ss.s da i damokidebulebebi. 
 
 
      
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       mos.sg.saSsaSss.s tViW
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ok ''
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(57) gantolebis gamoyeneba pirveli samuxruWo amocanis 
gadawyvetisaTvis Vs–s moZebna Ss.s,   da i monacemebis saSuale-
bebiT _ midis Vs meoTxe rigis gantolebamde, udidesi koeficien-
tebiT. amitom gacilebiT martivia am amocanis gadawyveta gra-
fikuli interpolaciis meTodiT, Semdegi TanmimdevrobiT: Vs1,  
Vs2,  Vs3....  damuxruWebis dawyebis siCqaris sami-oTxi mniSvnelobis 
meSveobiT (60) formulis gamoyenebiT, iangariSeba samuxruWo 
manZili Ss.s1, Ss.s2, Ss.s3... da ageben Vs = f(Ss.s) mruds amis Semdgom 
Vs monakveTs pouloben grafikuli meTodiT mocemuli samuxruWo 
Sss manZilisaTvis (nax. 14.) 
 
 
nax. 14. Vs = f(Ss.); damuxruWebis dawyebis siCqaris mniSvnelobis 
grafikuli damokidebuleba samuxruWo manZilze 
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Sedegebis sxvaoba, romelic miiReba miaxloebiTi anali- 
zuri, grafikuli an saangariSo_grafikuli meTodiT, Cveulebriv 
ar aWarbebs 1–4%-s. 
 
2.2. denis mrudebis ageba 
 
 
deniT, romelic gadis wevis Zravis gragnilSi da droiT ra 
drosac es deni gadis Zravis gragnilSi afaseben wevis Zravis 
gaxurebas. imisaTvis, rom ganisazRvros eleqtruli energiis 
xarji matareblis wevisas aucilebelia Ie denis codna, romel-
sac moixmars mudmivi denis eleqtro moZravi Semadgenloba (e.m.S.) 
an Ie.a denis aqtiuri Semadgeneli, romelsac moixmars cvladi 
denis e.m.S. [11;34;35] 
sakontaqto sadenis kveTis da ubanze wevis datvirTvis 
angariSisaTvis, romelic eleqtroficirebulia cvladi denis 
sistemiT, aucilebelia vicodeT sruli deni Ie, romelsac moix-
mars e.m.S. 
yvela es denebi ganisazRvreba denis maxasiaTeblebidan, rom-
lebic gviCveneben, rogor icvlebian denebi moZraobis mixedviT. 
mudmivi denis e.m.S.–ze Ie denis mniSvneloba ganisazRvreba 
eleqtro Zravis denis IZ da Р paraleluri Stoebis raodenobis 
mixedviT 
                    Ie = P IZ                                                                               (62) 
wevis Zravebis seriuli SeerTebis dros (P), P = 1 da Ie = IZ   
seriis _ paraleluri SeerTebis dros (s.p.) eqvsRerZian da 8 
RerZian elmavlebs P = 2  da  Ie =   2IZ,  paraleluri SeerTebisas (p) 
eqvsRerZiani eleqtromavlebis P = 3, xolo rvaRerZiani elmavl-
ebis P = 4 
denis maxasiaTebels mag; ВЛ10 eleqtromavlis nax. 15. ageben 
wevis Zravis ((s), (sp), (p)) SeerTebisaTvis misi sruli aRgznebis 
da oTxi Sesustebis safexuris dros yoveli SeerTebisas. denis 
maxasiaTeblebis asagebad mimarTaven sxvadasxva siCqareebs da 
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siCqareebis maxasiaTeblebs V(IZ)-Ti gansazRvraven IZ denebs, rom-
lebsac amravleben maT paraleluri Stoebis raodenobaze da 
iReben Ie–s am siCqareze. 
denis maxasiaTeblebze daaqvT SezRudvebi, romlebsac Seesa-
bameba wevis Zalis mniSvneloba wyvilTvlis relsTan CaWidebis 
dros an wevis Zravis komutaciis mixedviT. [11;37] 
ВЛ10 eleqtromavalze wevis Zala SezRudulia WyvilTvalas 
relsTan CaWidebiT.F 
 
 
 
nax. 15. ВЛ-10 lokomotivis denis maxasiaTebeli 
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2.2.1. elmavlis denis manZilze damokidebulebis  Ie (s) mrudis 
agebis meTodi 
 
mudmivi denis e.m.S. Ie (s) mrudi igeba V(S) da Ie (V) safuZvelze. 
Ie(s) mrudis asagebad iqcevian Semdegnairad: 
V(S) texilis wertilebs (1, 2, 3 da a.S. 24 wertilamde) iReben 
denis maxasiaTeblidan ix. nax. 16. pouloben, Ie = 685 a-s roca 
V=0. gadadeben am dens nebismier masStabSi gzis im adgilas sa-
dac V=0 roca V=10km/sT. Ie deni icvleba 595 dan 1190a (s)-dan (s.p)-
ze gadasvlis dros. es wertili gadaizomeba, sadac V=10km/sT. 
aseTive meTodiT gansazRvraven sxva wertilebis mdebareobasac.  
V=22km/sT siCqaris dros wevis Zravebs rTaven (s)-dan (s.p)-ze 
da deni izrdeba 1150-dan 2300a-mde. deni icvleba naxtomiseburad 
aseve, roca rTaven aRgznebis Sesustebebs: (v.S1), roca V=48,5km/sT 
1970-dan 2480a-mde (v.S.2)  roca V=52km/sT 2060-dan 2670a-mde da a.S. 
elmavlis muSaobas maxasiaTeblis Onebismier safexurze Tan 
sdevs denis Semcireba siCqaris zrdasTan erTad. 24 wertilSi 
memanqane rTavs dens da Semdeg matarebeli gadaadgildeba 
gorviT (Ie mcirdeba nulamde). 
Tu aRniSnul wertilebs SevaerTebT wrfeebiT miviRebT 
texils, romelic gviCvenebs Iэ denis damokidebulebas S gzaze. 
 
 
 
2.2.2.elmavlis denis droze damokidebulebis Ie (t) mrudis 
agebis meTodi 
 
mudmivi denis e.m.S-saTvis Ie(t) mrudi igeba V(t) da Ie(V) mru-
debis safuZvelze. Ie(t) mrudis ageba warmoebs Semdegi formiT: 
Ie(V) mrudis texilis wertilebiT pouloben, ra Ie = 685 a-s, roca 
V=0 gadadeben am dens nebismier masStabSi gzis im adgilas 
sadac V=0, roca V=10 km/sT I deni icvleba 595 dan 1190a-mde (s)-
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dan (sp)-ze gadasvlis dros. es wertilebi gadaizomeba, sadac 
V=10 km/sT. aseTive meTodiT gansazRvraven sxva wetilebis mdeba-
reobasac. V=22km/sT siCqaris dros wevis Zravebs rTaven (s.p)-dan 
(p)–ze da deni izrdeba 1150-dan 2300-mde. denis naxtomiseburi 
cvlileba aseve xdeba, roca rTaven wevis Zravebis aRgznebis 
Sesustebebs: (v.S.1), roca V=48km/sT 1970 dan 2480a; (v.S.2), roca 
V=52km/sT 2060-dan 2670 a-mde da a.S. elmavlis muSaobas (s.v.) 
maxasiaTeblis (v.S.) nebismier safexurze, Tans devs denis 
Semcireba siCqaris zrdasTan erTad roca memanqane rTavs dens, 
matarebeli gadaadgildeba gorviT (Ie mcirdeba nulamde) Tu 
aRniSnul wertilebs SevaerTebT wrfiT miviRebT Ie denis 
damokidebulebas t droze. [11] 
 
 
 
2.3. eleqtruli energiis xarjis gansazRvra 
 
 
e.m.S–s moZraobas el. energia ixarjeba ZiriTadi damatebiTi 
winaaRmdegobis Zalebis gadalaxvaze; energiis nawili ikargeba 
muxruWebSi meqanikuri an reostatuli damuxruWebisas kidev erTi 
nawili _ e.m.S-ze el. energiis gardaqmniT (wevis) ZravebSi, gam-
arTvel mowyobilobebSi da a.S.) da ixarjeba sakuTari saWi-
roebisamebr. energiis nawili ikargeba gamSveb reostatebSi 
mudmivi denis e.m.S-ze. 
mTliani eleqtruli energiis xarji ganisazRvreba, rogorc 
ubanze, depos liandagebze moZraobisas, samanevro samuSaoze da 
sakuTar saWiroebaze el energiis danaxarjis jami. [11] 
el. energiis danaxarji matareblis moZraobisas ganisazR-
vreba grafo-analizuri meTodiT Ie(S) an Ie(t) mudmivi da Ia(S)  
cvladi denebis sistemis eleqtromavlebisaTvis da t(S)   an V(t) 
mrudeebis gamoyenebiT. 
           100060 
  ii tIuA saSq   [kvt.sT]                       (63) 
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sadac IsaS.i - saSualo denia, a; Ie(S)  mrudis an Ie(t)  mrudis yoveli 
wrfis monakveTze mudmivi denis e.m.S saTvis an Ia(S)  cvladi denis 
e.m.S saTvis.  
it  - IsaS.i denis moqmedebis droa, wT.  
Uq - denmimRebze Zabvis nominaluri mniSvnelobaa 3000 _ mud-
mivi da 25000v _ cvladi denis SemTxvevaSi;  
Ia. - aqtiuri denis moqmedi saSualo mniSvnelobaa ∆t drois 
ganmavlobaSi (cvladi denis eleqtromavlis dros). 
60, 1000 _ wuTebis saaTebSi da vat-saaTebis kilovat-saaTebSi 
gadamyvani koeficientebia. 
As. eleqtroenergia sakuTari saWiroebisaTvisaa gankuTvnili 
(damxmare manqanebi, marTva, ganaTeba) gansazRvraven muSaobis 
drois ganmavlobaSi saSualo moxmarebuli energiidan, romelic 
1wT-is tolia. misi mniSvnelobebi moyvanilia w.g.w.-Si (ВЛ10-saTvis 
tolia 2,08 kvt.sT/wT). 
energiis danaxarjebi gaTbobaze ganisazRvreba muSaobis sru-
li droidan zamTris pirobebSi da saSualod rekomendirebulia 
0,07 – 0,14 kvt.sT/wT. 10 vagoniani el. matareblis SemTxvevaSi ЭР1,  
ЭР2,  ЭР9  gaangariSebidan 2,92 kvt.sT/wT. saWiroebis dros Am 
energiis danaxarjs depos liandagebze moZraobisas an samanevro 
muSaobis Sesrulebisas gansazRvraven Semdegi formuliT  
                        Asam.=axv. +As.m. + Am                                                                                            (64)   
el. energiis xvedriTi danaxarji ganisazRvreba Semdegi 
formuliT: 
                         lQp
A

 
)(
1000
xv.                                   (65)   
 
xvedriTi energiis danaxarjs zomaven kvt.sT/(104t.km) an vt.sT/ 
(t.km). 
rekuperaciuli damuxruWebisas rekupirebul energias akle-
ben moxmarebuls. 
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satvirTo matareblebs Cveulebriv gaaCniaT naklebi energia 
sxva matareblebTan SedarebiT _ 100-200 kvt.sT/(104t.km) an 10-20 
vt.sT/(t.km). yvelaze didi xvedriTi el. energiis danaxarji 
gaaCniaT sagareubno el. matareblebs, imis gamo, rom maT uwevT 
sadgurebze 250-350 kvt.sT/(104t.km) an 25-35 vt.sT/(t.km)  
 
 
2.4. wevis Zravis Semowmeba gaxurebaze 
 
wevis Zravis gragnilebis temperaturis gansazRvra warmo-
adgens rTul amocanas. aseTi saxis amocanis gadawyvetisas mimar-
Taven Tburi velebis idealizacias, Tumca miRebuli analizuri 
amoxsna Sorsaa realurisgan, radgan wevis Zravi didi raode-
nobiT nawilisagan Sedgeba, romlebic gansxvavdeba geometriuli 
formiT, masiT, masaliT  da maTSi energiis danakargiT. [33] 
praqtikulad angariSs atareben wevis Zravis yvelaze saSiSi 
nawilebisaTvis, koleqtoruli ZravebisaTvis Ruzis xviebisTvis, 
ufro iSviaT SemTxvevaSi aRgznebis gragnilebisaTvis, asinqro-
nuli Zravebis SemTxvevaSi statoris xviebisTvis da a.S. wevis 
Zravis gaxurebis temperaturis angariSi xorcieldeba romelime 
miaxloebiTi gansazRvris meTodiT. 
yvelaze didi gavrceleba hpova wevis Zravis gaxurebis  
meTodma, romelic efuZneba erTgvarovani myari sxeulis gaxu-
rebis kanonebs.  
e.m.S.–is eqspluataciis pirobebSi aucilebelia ganisazRvros 
ara mxolod maqsimaluri Zravis gaxurebis temperatura, aramed 
amasTan aucilebelia gzis profilze dadgindes is monakveTic, 
sadac adgili aqvs aRniSnul movlenas, raTa SemdgomSi moxdes 
moZraobis reJimis koreqtireba. amisaTvis saWiroa vicodeT (t) an 
(s) damokidebuleba, romelic ganisazRvreba e.g.m–s meSveobiT 
saboloo gardaqmnebis principiT da iangariSeba t – s  garkveuli 
bijiT. 
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wevis angariSis dros yovel t bijis dros Tvlian, rom 
wevis Zravebi xurdeba ucvleli saS. Ddenis moqmedebiT (an gril-
deba VsaS. siCqariT), axal saS. denze gadasvla an axal inter-
valze  VsaS. siCqareze gadasvlisas Tvlian, rom cvlileba xdeba 
myisierad. (t) mrudis an analizurad ekvivalenturi Tburi para-
metrebis da maxasiaTeblebis gamoyenebiT angariSebis warmoebas 
aqvs uaryofiTi mxare, radgan is ar iTvaliwinebs Zravis sxvada-
sxva nawils Soris temperaturis ganawilebis process. 
wevis Zravis gragnilebis gaxurebis udidesi dasaSvebi tempe-
raturis mniSvneloba garemo temperaturasTan SedarebiT 
<40C°ganisazRvreba w.g.w–Si mocemuli cxrilidan konkretuli 
tipis wevis ZravisaTvis mag: ВЛ–10 eleqrtomavlis ТЛ-2К1  tipis 
ZravisaTvis amave w.g.w.–is Tanaxmad 130C°  Seadgens.  
Tu garemos temperatura tg.t.max > 40C°Zravis gaxurebis dasa-
Svebi mniSvnelobis sidide unda Semcirdes amdenive gradusiT. 
garemos temperaturad tg.t.max miiReba meteorologiuri sadgu-
rebis mravalwliani dakvirvebiT (aranakleb 5 weli) konkretuli 
sezonisaTvis temperaturis saSualo mniSvneloba. gaxurebis anga-
riSebi warmoebs zafxulis da zamTris periodisaTvis. Zravis 
sawyisi temperaturis sidide zafxulSi ar unda iyos 15°C-ze, 
xolo zamTris SemTxvevaSi 0°C n aklebi. 
lokomotivis xangrZlivi dgomis Semdeg (2 saaTze meti) Zra-
vis sawyis temperaturad unda miviRoT 15°C, Tu lokomotivis 
dgomis dro 2sT–is tolia an kidev naklebi, sawyis temperaturad 
unda miviRoT lokomotivis dgomis adgilamde misvlis tempe-
ratura, Zravis gaciebis mrudis gaTvaliswinebiT. 
CarTuli motor-ventilatoris SemTxvevaSi gaxurebis drois 
mniSvnelobad unda miviRoT Tburi maxasiaTebliT rekomendebuli 
mniSvneloba. 
gamorTuli Zrava-ventilatoris SemTxvevaSi Zravis gaxure-
bis mudmivi drois mniSvneloba unda miviRoT 3–jer meti, vidre 
remokendebuli nominaluri Zravis denis mniSvnelobis dros. 
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mudmivi denis ubnebze eleqtromavlis an eleqtromatareb-
lis motorvagonis deni ganisazRvreba V=V(S) denis maxasiaTeblis 
gamoyenebiT (ix. nax. 16).  
eleqtruli wevis Zravis gragnilis gaxureba iangariSeba 
w.g.w.–s mixedviT I = I(S) mrudis gamoyenebiT.  
        
         )1(0 T
t
T
t                            (66) 
wevis Zravis gagrileba (denis gareSe muSaobis reJimSi) 
ganisazRvreba:  
             )1(0 T
t                         (67)             
t unda SeirCes t / T  0.1  pirobis gaTvaliswinebiT. Tburi 
parametrebi  da T konkretuli tipis ZravisaTvis aiReba Zravis 
Tburi maxasiaTeblidan. 
nominaluri Zabvisgan gansxvavebuli Zabvis SemTxvevaSi 
Zravis gaxurebis angariSi tardeba rogorc nominaluri Zabvis 
SemTxvevaSi. 
 
 
       
nax. 16.  ТЛ - 2К1 wevis Zravis sakompensacio gragnilis 
Tburi maxasiaTebeli  
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2.5. wevis gaangariSebis SeTavazebuli meTodi 
 
wevis gaangariSebas safuZvlad udevs moZraobis arawrfivi 
diferencialuri gantolebis integrireba. dRes misi amoxsnis 
meTodebi sakmarisad bevria, radganac moZraobis gantolebebi 
arawrfivia da dRemde msgavsi gantolebebis amoxsna SeuZlebelia 
iseTi formiT, rogorc es xdeba wrfivi diferencialuri 
gantolebebis SemTxvevaSi. bevri specialisti mimarTavda da 
dResac mimarTavs yvela tipis miaxloebiT (asimptotur) meTodebs 
[8;10;11;21;22;27;28]  
 sxvadasxva SezRudvebis gamo, rogoricaa CaWideba, wevis 
Zravis velis Sesusteba da a.S. rezultirebuli wevis 
maxasiaTebeli miiReba datexili da arawrfivi, yovelive es dama-
tebiT problemebs qmnis amocanis gadawvetisas. am mizeziT, samwu-
xarod, diferencialuri gantolebis integrirebis ZiriTad me-
Tods warmoadgens grafo-analizuri (saangariSo-grafikuli) 
meTodi. dRemde yvela saswavlo literaturaSi ZiriTadi meTo-
debia, rogorc erTaderTi da ualternativo. Cveni azriT, Cvens 
saukuneSi, roca kompiuteruli teqnika mkvidrdeba adamianis 
moRvaweobis yvela sferoSi, aucilebelia aqcenti gakeTdes axal 
meTodebze Tanamedrove e.g.m.-is gamoyenebiT. amasTan erTad auci-
lebelia gvaxsovdes, rom e.g.m.-is saSualebiT nebismieri amocanis 
gadasawyvetad aucilebelia gvqondes sawyisi warmodgena proce-
sebze. e.i. gvqondes raRac gadawyvetileba, romlebic saWiroa 
programirebisaTvis. am mizeziT Cvens mier qvemod SeTavazebulia 
zogierTi meTodi, romlebic saSualebas iZleva gamartivdes 
arsebuli gaangariSebis grafikuli meTodi, aseve ufro zusti da 
martivi analizuri meTodi, romelic gamoTvlis sizustiT 
sakmarisia praqtikuli gaangariSebisaTvis. amasTan erTad aucile-
belia aRiniSnos, rom amosavali diferencialuri gantolebebis 
gamoyeneba abslitur erTeulebSi (rac keTdeba asi welia) bevri 
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parametriT araa xelsayreli gamoTvlebisaTvis maT Soris e.g.m– 
ze. 
ase magaliTad, drois erTeulSi siCqaris da aCqarebis 
damokidebulebisas aRniSnul diferencialur gantolebebSi icv-
leba gardamavali koeficientebi, romlisTvisac dgeba specia-
luri cxrilebi. 
am mizeziT Zalian rTuldeba nebismieri grafikuli da gra-
fo-analizuri gaangariSebis meTodi, romlebic aseve moiTxovs 
specialuri masStabis SerCevas, xolo maTi rekomendebuli mniSv-
nelobebi moyvanilia cxrilis saxiT (ix. cxrili 2). am yvelafris 
Tavidan acileba SesaZlebelia, Tu winaswar vucvliT formas 
amosaval diferencialur gantolebas, CavwerT, ra mas fardobiT 
erTeulebSi, rogorc es keTdeba mecnierebisa da teqnikis mraval 
sferoSi. 
garda amisa, aRniSnuli gardaqmnis  principis gamoyeneba we-
vis TeoriaSi amartivebs rigi amocanebis gadawyvetis, magaliTad 
moZraobis mrudebis agebisas romelime gadasarbenisaTvis, 
romelic pasuxobs sxvadasxva moZraobis siCqares, wevis Zravebis 
sxvadasxva simZlavres da a.S. SesaZlebels xdis  cnobili miax-
loebiT ganvsazRvroT moTxovnili Zravebis simZlavre, avarCioT 
saWiro moZraobis reJimi nebismieri sxva gadasarbenisaTvis. am 
SemTxvevaSi romelime gadasarbenisTvis agebuli moZraobis mrudi 
iqneba universaluri xasiaTis yvela im gadasarbenisaTvis da 
matareblis moZraobis reJimisaTvis, romlebsac aqvT erTnairi 
damokidebuleba maqsimalur da minimalur siCqareebs Soris da 
gaaCniaT wevis, damuxruWebis da gorvis reJimis toli droebi. 
Cvens SemTxvevaSi fardobiT erTeulebSi gadasvla principSi 
SesaZlebelia ganvaxorcieloT uSualod ZiriTadi diferen-
cialuri gantolebis amoxsnidan, romelic Cawerilia absolutur 
erTeulebSi, Sesabamisi cvladis gayofiT sakuTar bazisur 
mniSvnelobaze. Tumca aseTi gadasvla ramdenadme arTulebs amo-
 79
canas, radganac dRemde arsebuli empiriuli formulebi xved-
riTi ZalebisaTvis winaaRmdegoba `W~ da damuxruWeba `B~-sTvis  
moicema xvedriT erTeulebSi kgZ./t. am mizeziT mizanSewonilia 
gadasvla fardobiT erTeulebze, gamovalT ra xvedriTi Zale-
bisaTvis dawerili gantolebebidan: 
           
  Wf
QP
WF
dt
dv
g

 1310                 (68) 
           
  Wf
QP
WF
ds
dvV
g

 1310                 (69) 
sadac  V, S, F, W - siCqaris, gavlili manZilis, wevis Zalis da 
matareblis ZiriTadi winaaRmdegobis absolituri mniSvnelo-
bebia; 
P, Q - lokomotivis da vagonis masaa t; 
Tu miviRebT aRniSvnebs: 
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(68) da (69) gantolebebidan fardobiT erTeulebSi, rogorc 
arawrfiv sistemaTa TeoriaSia miRebuli SeiZleba davweroT: 
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dx  ),(                             (72) 
             
),(
),(**
yxP
yxQWf
dx
dyy                          (73) 
(71) da (73)-Si  *–saTvis aucilebelia mxedvelobaSi gvqondes: 
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* yCybay
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F
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n
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  (74) 
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bb 1 ; 21 n
n
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rogorc Cans (71) da (73)-dan, maTSi ar aris aranairi koe-
ficienti. romel erTeulebSic gvinda miviRoT amocanis amo-
naxsni, SegviZlia visargebloT damikidebulebiT (70). ase maga-
liTad, Tu aCqareba g=9,81m/wm2–s gavzomavT km/sT2–Si, maSin TM 
gamoCndeba ricxvi 127000 nacvlad 9,81–i, Seicvleba aseve S=Vn T n. 
ra erTeulebSi iqneba gamosaxuli bazisuri sidideebi, imave 
erTeulebSi iqnebian Tavad cvladebi. garda amisa, grafikul da 
grafo-analizuri xerxebiT amoxsna (71) (73)-is araa saWiro. araa 
aucilebeli masStabebis SerCeva, radganac yvela cvladi gamo-
saxulia wilobriv erTeulebSi da aqvT erTi da igive masStabi. 
gamosaxuleba (73) warmoadgens fizikuri traeqtoriis 
diferencialur gamosaxulebebs, fizikur sibrtyeSi Y da X da 
maTi amonaxsni mTlianad damokidebulia funqciaze 
),(
),(
yxP
yxQ
 im 
SemTxvevaSi, roca analizurad (73) SeuZlebelia amovxsnaT, maSin 
mimarTaven cnobil grafo-analizur meTods izoklinas an 
‘’delta’’ meTods, romelic farTod gamoiyeneba arawrfivi 
sistemebis gamokvlevaSi. [23;24;25;26] 
amocanis analizuri gadawyvetisaTvis aucilebelia Sevar-
CioT martivi funqcia, romelic kargad axdens arawrfivi 
damokidebulebis aproqsimacias. 
Q(y) = f* _ W* amasTan martivad integrirdeba da saSualebas 
iZleva integrirebis Semdeg miviRoT martivi formulebi, rome-
lic saSualebas iZleva Catardes martivi gamoTvliTi gaanga-
riSebebi. [29] 
sxvadasxva dros, sxvadasxva avtoris mier SeTavazebul iqna 
sxvadasxva funqciebi, romllebic mTlianad an nawilobriv 
axdenda Q(Y) arawrfivi damokidebulebis aproqsimacias 
magaliTad, mTlianad wrfis, samwevra parabolis da a.S. saxiT. 
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yvela am meTodma dRemde ver naxa praqtikuli gamoyeneba 
uzustobis da saboloo formulebis sirTulis gamo. [8;10;30] 
nax. 17-ze koordinatebSi (f*–W*) da Y fardobiT erTeulebSi 
moyvanilia ВЛ10 eleqtromavlis Q(Y) damokidebuleba Semadgen-
lobis saerTo woniT 5000t (cximovani liandagi). aqve naCvenebia 
Q(Y)–is erTi wrfiT )( ykfm   da paraboliT ''' 2 cybya   (mrudi 
2), rogorc naxazidan Cans, naCvenebi mrudebi Sorsaa realuri 
damokidebulebisagan Q(Y). 
 
 
 
nax. 17.  wevis maxasiaTebeli fardobiT erTeulebSi da     
misi aproqsimaciis sxvadasxva varianti 
 
 
sadisertacio naSromSi SeTavazebulia wilad-wrfivi 
funqciis gamoyeneba, romelic sxva funqciebze ukeT axdens 
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arawrfivi Q(Y) damokidebulebis aproqsimacias da integrirebis 
Semdeg gvaZlevs martiv gamosaxulebebs, romelic mosaxerxebelia 
gamoTvlebisaTvis Tanamedrove kalkulatoris gamoyenebiT, 
romlebsac gaaCnia elementaluri funqciebi. miTiTebul funqcias 
Semdegi saxe aqvs: 
           by
ayfyQ m 

1
1)(                         (75) 
sadac fm, a  da b - koeficientebi, ganisazRvreba sacdeli werti-
lebis safuZvelze Semdegi damokidebulebebiT.  
21
1221
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)( yy
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ff
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1
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f
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sadac 
0
10
1 f
ff
A
 ;      
0
20
2 f
ff
A
 ; 
0f  ganisazRvreba (75)-dan, roca  y=0;  0ff  . 
qanobis gaTvaliswineba (75)-Si xdeba Semdegi gamosaxulebis 
safuZvelze: 
i
by
ayfiyQ 

1
1)( 0                              (77) 
ubralo gardaqmnebis CatarebiT (77) sabolood miviRebT:  
 by
yafiyQ ii 

1
1)( 0                            (78) 
sadac   )( 00 iff i  ;  if
ibafai 

0
0
                           (79)    
gamosaxuleba (78) gulisxmobs imas, rom qanobebis SemT-
xvevaSi ± ì  (75) gamosaxulebaSi saWiroa (79)-dan ganvsazRvroT 
mxolod f0   da a. 
dRemde arsebuli wevis gaangariSebis  grafikuli meTodebi 
romlebsac gvTavazobs gzaTa mimosvlis saministro sakmarisad 
zustia, amitom Cvens mier SeTavazebuli wminda analizuri 
meTodiT miRebuli Sedegebi Sedarebul iqneba gzaTa mimosvlis 
saministros meTodTan. Tu (75) CavsvamT (71) da (73)-Si 
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integrirebis Semdeg sawyisi pirobebis gaTvaliswinebiT, saerTo 
SemTxvevaSi miviRebT:    
           

 
 )(
1
1ln1 0
0
2 ayaybay
ayab
fa m
                  (80) 
     

 
 2020
0
3 )()(2
))((
1
1ln)(1 ayaybayayab
ay
ayab
fa
x
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                 (81)  
sadac Y0 fardobiTi siCqaris sawyisi mniSvnelobaa. damoki-
debulebebi )(Yfx   da )(Yf , romlebic gansazRvrulia (80) da 
(81) moyvanilia nax. 18. da aRniSnulia ‘’jvrebiT’’, grafikuli gziT 
miRebuli igive monacemebi mrudze asaxulia ‘’wertilebiT’’. 
x-is damokidebuleba   droze, SesaZloa ganisazRvros gra-
fikuli meTodiT, gamovalT ra ori mrudidan )(Yfx   da )(Yf -
dan. (80) da (81)-is safuZvelze. 
calke SemTxvevaSi, saWiroebisas es damokidebulebebi aseve 
SeiZleba miviRoT grafo-analizuri meTodiT )(Yfx   mrudidan 
damokidebulebis safuZvelze: 
es damokidebulebebi aseve SeiZleba miviRod grafo-anali-
zuri meTodiT y=f(x)  mrudidan. damokidebulebebis safuZvelze: 
                         
saSY
x
                               (82)  
 
 
 
 
 
 
nax. 18-ze (80) da (81) analizuri, roca 36,1mf , 6016,0  , 
xolo b=0.4485-s da grafikuli meTodiT miRebuli Sedegebis 
analizi aCvenebs maT karg damTxvevas. 
TvalsaCinoebisaTvis orive meTodiT miRebuli Sedegebi 
moyvanilia cxril 4 -Si, saidanac aseve Cans maTi kargi damTxveva.   
 
cxrili 4.  
weva 
Q(Y) y 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 
by
ayfm 

1
1 1  0 0.1478 0.304 0.468 0.6416 0.8325 1.055 1.353 
X1 0 0.0149 0.0617 0.1437 0.264 0.438 0.682 1.076
graf. 2  0 0.15 0.3 0.47 0.65 0.84 1.08 1.315 
X2 0 0.025 0.07 0.17 0.3 0.47 0.7 1.15 
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2.5.1 samuxruWo reJimis gaangariSeba 
 
am SemTxvevaSi samuxruWo amocanis gadawyveta xdeba aseve 
diferencialuri gantolebis (71), (72) da (73)-is integrirebiT, 
romlebic aseve arawrfivia. 
samuxruWo amocanis gadawyvetisas Q(Y) funqciis nacvlad 
gveqneba: 
                             Q(Y)   =  *** ibW   
W* -saTvis Cvens mier dawerilia analizuri gamosaxuleba (74) 
fardobiT erTeulebSi. movnaxoT analizuri gamosaxuleba b*, 
romelic toli iqneba:  
           
nnn fV
V
ff
bb
33 1033.0
1005
10027.010* 
      
             
25
290
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10090*



Y
Y
fYV
YV
f
b
nn
n
n
                  (83) 
CavsvaT (74) (83)-Si da avagoT damokidebuleba W*+b* fardo-
biTi siCqarisagan Y. es mrudi moyvanilia nax. 19-ze.  
nax. 18. grafikuli da SeTavazebuli analizuri formulebiT  
miRebuli )(Yfx   da )(Yf  mrudebi 
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bevri sxva avtorisagan gansxvavebiT, romlebic uSualod 
svamen analizur gamosaxulebas (W*+b*) ZiriTad diferencialur 
gantoleba (74)-Si da integrirebis Sedegad iReben rTul formu-
lebs, romelTa gamoyenebac dakavSirebulia didi moculobis 
gamoTvliT samuSaoebTan. [1;8;13;14] 
gamoTvlebis gamartivebisaTvis, mosaxerxebelia W*+b* mrudi 
SevcvliT wilad-wrfivi funqciiT, romlis Casmac (71) da (72)-is 
integrirebis Sedegs gvaZlevs SedarebiT martiv gamosaxulebebs. 
 
 
 
nax. 19. empiriulad da analizurad miRebuli Y =f(W*+b*) da 
Y=f (W*) Semanelebeli Zalis mrudebi 
 
 
 
maS ase, W*+b*=Q(Y) damokidebulebis aproqsimacia movax-
dinoT 
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ny
myfibWQ m 

1
1***
sam.sam.                     (84) 
sadac fmsam., m da  n _mudmivebia, romlebic ganisazRvreba 
cnobili meTodiT  Qsam.(Y)  mrudidan da Seesabameba, analogiur 
gamosaxuleba (2 . 9) 
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sadac  
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gadasarbenze qanobebis arsebobis SemTxvevaSi: 
            yn
ymfibW im 

1
1
i 
**
.               (86) 
        )( iff mi  sam.sam. ; if
inmfm
m
m
i 

sam
sam
                (87) 
rogorc es Cans (86) da (87)-dan aRniSnuli gamosaxulebebi 
imeoreben (78) da (79)–s.   
nax. 19-ze wertilebi, romlebic Seesabameba Qsam.(Y)-s, aRniS-
nulia wreebiT da wertilebi, romlebic Seesabameba (91)-s, aRniS-
nulia ‘’jvrebiT’’. rogorc naxazidan Cans damTxveva idealuria. 
(84)-is CasmiT (71) da (73)-Si da integrirebiT sabolood 
moviRebT; 
 
          

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               (88) 
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1ln)())((1 220003 mymy
n
my
mymnmymynm
fm
x
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     (89) 
 
Y-is damokidebuleba   da x cvladebze, (88) da (89)-is sa-
fuZvelze. Catarebuli angariSis Sedegi,  moyvanilia cxril 5-Si. 
sadac yoveli  da x kordinati miiReba wina kordinaTa 
mniSvnelobis jamiT, roca 25,10mf , m=0,6157, n=2,647 
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TvalsaCinoebisaTvis aRniSnuli gamosaxurebis angariSis Sedegi 
moyvanilia nax. 20-ze mrudi 1 da mrudi 2-is saxiT.  
 
cxrili 5. 
damuxruWeba 
Y 1.8 1.6 1.4 1.2 1 0.8 0.6 0.4 0.2 0 
  0 0.051 0.102 0.149 0.194 0.237 0.275 0.31 0.333 0.362 
x 0 0.088 0.163 0.251 0.27 0.313 0.34 0.36 0.37 0.37 
 
 
 
 
 2.5.2. gorvis reJimi 
 
 
am SemTxvevaSi matereblis ZiriTadi winaaRmdegoba iqneba 
** iW  . (74) CasmiT (71)  da (72)-Si integrirebis Semdeg 21114 bac   
gaTvaliswinebiT miviRebT amocanis zust gadawyvetas, Tumca am 
SemTxvevaSi analizuri gamosaxulebebi miiReba rTuli, romelic 
ar iZleva Sesabamisad martivad   da x-is gamoTvlis saSualebas, 
sxva romelime *i  qanobis dros, nax. 20-ze moyvanili mrudi 1 da 
mrudi 2–is gamoyenebiT. cnobil sirTuleebs, romlis Sesaxebac 
visaubreT Tavis dasawyisSi, SeiZleba gverdi avuaroT, Tu mrud 
)(* yW  funqcias, rogorc wevis da samuxruWo reJimis SemTxvevaSi, 
SevcvliT analizuri gamosaxulebiT wilad-wrfivi funqciis 
saxiT. 
Tu CavsvamT ricxobriv mniSvnelobebs a 1, b1, c1 (74)-Si, gar-
daqmnebis Semdeg sabolood miviRebT: 
 
 
        2** 0479.003776.0105.0)( yyiyW                 (90) 
 
Aaq aucilebelia aRiniSnos, rom (90)-Si ugulebelvyaviT 
sxvaoba a,  b da c koeficientebs Soris wevis da gorvis reJimis 
dros. 
 88
nax. 20-ze mrudi 2, romelic Seesabameba (90)–s, roca 0* i .  
aRniSnuli mrudis zusti aproqsimacia SesaZlebelia movaxdinoT 
analizuri gamosaxulebiT 
 
                )(* yW
yn
ymW
1
1
0 1
1

                         (91) 
wertilebi, romlebic Seesabameba (91) gamosaxulebas, roca 
W0 = 0.105; m1 = 0.2638; n1 = 0.2914, aRniSnulia `jvrebiT’’. rogorc Cans 
damTxveva idealuria. 
m1 da n1 koeficientebi ganisazRvraba sacdeli wertilebis 
meSveobiT Semdegi damokidebulebebis safuZvelze:  
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sadac  
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nax. 20. da x–is y-ze damokidebulebis universaluri mrudebi               
damuxruWebisas da gorvis dros 
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i  qanobis SemTxvavaSi gamosaxuleba (91) eqneba Semdegi saxe: 
)(* yWi yn
ymW ii
1
1
0 1
1

                                        (93)   
)( 0 iWW i 0. ; )( 1011 iW
inWmm i  0

           (94) 
(91)-is CasmiT amosaval diferencialur gantolebebSi (71) da 
(73)-Si sawyisi da saboloo mniSvnelobebis gaTvaliswinebiT 
integrirebis Semdeg sabolood miviRebT: 
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rogorc (80)-(81), (88)-(89) da (95)-(96) formulebidan Cans, 
struqturis mixedviT isini savsebiT erTnairia, miuxedavad imisa, 
rom damuxruWebisas da gorvisas moZraobis sxvadasxva reJimebs 
aRweren. gansxvaveba mxolod niSnebSia da mudmivi koeficientebis 
sxvadasxva mniSvnelobebSi, romlebic Sedian am formulebSi. 
zemoT aRniSnuli warmoadgens Cvens mier moyvanili analizuri 
meTodis mniSvnelovan upiratesobas, wevis gaangariSebis 
Catarebis dros. 
(95) da  (96)-is safuZvelze Y dan   da x-is gamoTvlili 
mniSvnelobebi, roca 105,0mf ; m=0,2638 ; n=0,2914 moyvanilia 
cxrilSi 6. 
 
cxrili 6. 
gorva 
Y 1.8 1.75 1.7 1.65 1.6 1.55 1.5 
  0 0.1694 0.3128 0.475 0.643 0.824 1.0 
x 0 0.267 0.5433 1.0158 1.09 1.365 1.645 
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2.5.3. aRniSnuli meTodis gamoyeneba wevis gaangariSebis 
absolutur erTeulebSi Catarebis SemTxvevaSi 
 
CavataroT wevis angariSi aRniSnuli meTodiT, mxolod gaan-
gariSeba vawarmooT absolutur arTeulebSi da miRebuli Sede-
gebi SevadaroT praqtikaSi yvelaze gavrcelebul gzaTa 
mimosvlis saministros meTodiT miRebul Sedegs gaangariSebebi 
absolutur erTeulebSi vawarmooT Semdegi monacemebis 
safuZvelze, mocemulobaSi moyvanil  AB gadasarbenze ix. nax. 21. 
mocemulia:  
1. eleqtromavlis seria   ВЛ10; 
2. oTxRerZiani vagonebis woniTi wili 4 =0.3 
3. eqvs RerZiani vagonebis woniTi wili 6 =0.7 
4. oTx RerZiani vagonebis wona q4=60t. 
5. eqvs RerZiani vagonebis wona q6=90t. 
6. sadguris liandagebis sasargeblo sigrZe 1050m elmavlis. 
7. gzis grZivi profilis sigrZe l = 11,15 km. 
 
 
       nax. 21. AB  gadasarbenze  gzis profili 
 
 
 
arsebuli wevis gaangariSeba moicavs: 
1. profilis gasworebas; 
2. saangariSo qanobis arCevas; 
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3. matareblis wonis gansazRvras; 
4. amaCqarebel da Semanelebel ZalTa mrudebis gaangariSebasa 
da agebas; 
5. siCqaris mrudis agebas, rac gulisxmobs V=f(s); 
6. drois mrudis agebas, rac gulisxmobs t=f(s); 
7. denis mrudis agebas, anu Ie =f(s)  an Ie(t) 
   8. energiis xarjis gansazRvras; 
      9. wevis Zravebis Semowmeba gaxurebaze. 
im SemTxvevaSi, Tu Zravis temperatura aWarbebs dadgenil 
normebs, cvlian moZraobis reJims im gvarad, rom SenarCunebul 
iqnas eleqtromavlis eqspluataciis normaluri pirobebi. [11]  
profilis gasworeba da saangariSo qanobis arCeva dawvri-
lebiTaa ganxiluli 1.9 paragrafSi. AB gadasarbenis Ggzis pro-
fili analizuri saxiT, profilis gasworeba da Sedegebis safu-
Zvelze saangariSo qanobis arCeva moyvanilia cxrilSi 7. 
rogorc cxrili 7-dan ჩans, gzis profilis me-4 da me-5 
elementebi gaerTianda.  
radgan AB mimarTulebiT matareblis moZraoba warmoebs 
srul daRmarTze, saangariSo qanobi ar icvleba. 
cxrili 7. 
rkinigzis ubnis profili 
# i S R a  i'g i''g igAB Sg # 
1 0 950 _ _  0 _ 0 950 1 
2 -5 2500 1000 560  -5 0.3 -4.7 2500 2 
3 -12 1900 _ _  -12 _ -12 1900 3 
4 -10 2000 1200 520  
-9.6 0.2 -9.4 3000 4 5 -9 1000 _ _  
6 -6 1900 _ _  -6 _ -6 1900 5 
7 0 900 _ _  0 _ 0 900 6 
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matareblis wonis gansazRvra warmoebs 2.1. paragrafis safu-
Zvelze. cnobili meTodiT AB mimarTulebiT virCevT matareblis 
optimalur wonas, romelic Seadgens 4800t. aRniSnuli wonis 
matarebeli akmayofilebs 2.1. paragrafSi mocemul yvela pirobas. 
amaCqarebel da Semanelebel ZalTa diagramebis gaangariSeba 
warmoebs cnobili meTodiT (ix. 1.7 paragrafi).  
rogorc cnobilia amaCqarebel ZalTa mruds (f_W0)=f(v) 
warmoadgens damokidebuleba, ix. nax. 22. igi aigeba ВЛ10 eleqtro-
mavlis sareJimo maxasiaTeblis mixedviT F(V).  
 
 
 
 
nax. 22. (f-W0)=f(v) realuri amaCqarebeli Zalis mrudi da misi 
aproqsimacia SeTavazebuli meTodiT 
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F  
nax. 23. (b0+W0)=f(v); W0=f(v) Semanelebeli Zalebis mrudebi da maTi 
aproqsimacia SeTavazebuli meTodiT 
 
 
kuTri wevis Zala gamoiTvleba formuliT 
QP
Ff   kvZ/t. 
kuTri xvedriTi winaaRmdegoba lokomotivis deniT moZraobis 
dros. 
              
QP
QWWPW 

''
00
0
'
 kgZ/t 
praqtikulad amaCqarebel ZalTa mrudis ageba xdeba e.m.S. 
muSa maxasiaTeblis safuZvelze. aRniSnuli maxasiaTebeli moce-
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mulia wevis gaangariSebis wesebSi (w.g.w). mocemulobis mixedviT 
Catarebuli gaangariSebis Sedegebi moyvanilia cxrilSi 8. 
rogorc cnobilia, Semanelebel ZalTa mrudebs warmoadgens 
bmax+Wog=f(v)  eqstremaluri damuxruWebis SemTxvevaSi, bsam.+Wog=f(v) 
samomsaxureo damuxruWebis dros, xolo Tavisufali gorvisas   
Wog = f(v)  damokidebuleba, ix. nax. 23. 
matareblis moZraobisadmi ZiriTadi xvedriTi winaaRmdegoba 
elmavlis udenod svlis SemTxvevaSi gamoiTvleba formuliT: 
       
QP
QWPW
Wo 

''
0
'
g
g  kgZ/t;   
bmax samuxruWo Zala tolia:  
3
max 10b kgZ/t,  
sadac  =0.33 - koeficientia satvirTo matareblebisaTvis.  
  xaxunis koeficienti gamoiTvleba Semdegi formuliT 
;
1005
10027.0 

V
V  samomsaxureo damuxruWebis Zala bsam= ;5.1 maxb  
W'g=2.4+0.01V+0.00035V2 kgZ/t lokomotivis ZiriTadi winaaRmdego-
bis Zala gamoiTvleba  
                ''066
''
044
''
0 WWW       kgZ/t 
oTxRerZiani da eqvsRerZiani da rvaRerZiani vagonebis Ziri-
Tadi winaaRmdegobis Zala gorgolaWiani sakisrebis SemTxvevaSi 
gamoiTvleba Sesabamisad: 
04
2
''
04
0025.01.03
7.0
q
VV
W
 , sadac 
4
4
04
qq  ; 
06
2
''
06
002.008.037.0
q
VVW  , sadac 
4
6
06
qq  ; 
08
2
''
08
0017.0026.067.0
q
VVW   sadac 
8
8
08
q
q  ; 
aRniSnuli formulebiT W''04= 1.6 kgZ/t.;  W''06= 1.7 kgZ/t. 
Catarebuli gaangariSebis Sedegebi moyvanilia cxrilSi 9. 
cxrili 8.-is da cxrili 9.-is mixedviT agebul amaCqarebel 
da Semanelebel ZalTa diagramebi moyvanilia Sesabamisad nax. 22. 
da nax. 23-ze. 
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cxrili 8.            
amaCqarebeli f – W0   Zalis angariSi e.mS.-s Q = 4860 t. 
 
 
 
V 
km/sT 
0 10 20 30 40 46.7 48.5 48.5 52 52 56 56 60 70 80 90 100 
F 
kgZ 
62600 52400 50200 48500 47000 46000 40600 52800 40500 51800 40200 48400 40100 26900 20000 15000 11200 
f 
kgZ/t 
12.56 1051 10.07 9.73 9.43 9.23 8.15 10.59 8.12 10.39 8.06 9.71 8.04 5.39 4.01 3.01 2.25 
W'0 
kgZ/t 
1.9 2.03 2.22 2.47 2.78 3.02 3.09 3.09 3.23 3.23 3.40 3.40 3.58 4.07 4.62 5.23 5.9 
P·W'0 349.60 373.52 408.48 454.48 511.52 555.86 568.56 568.56 594.54 594.54 625.74 625.74 658.72 748.88 850.08 962.32 1085.60 
W''04 
kgZ/t 
0.90 0.98 1.10 1.25 1.43 1.57 1.61 1.61 1.69 1.69 1.79 1.79 1.90 2.18 2.50 2.85 3.23 
W''06 
kgZ/t 
1.23 1.30 1.39 1.51 1.66 1.77 1.80 1.80 1.87 1.87 1.95 1.95 2.03 2.26 2.51 2.79 3.10 
W0 1.15 1.23 1.33 1.47 1.63 1.76 1.79 1.79 1.87 1.87 1.95 1.95 2.05 2.30 2.58 2.89 3.24 
f-W0 11.40 9.27 8.73 8.25 7.30 7.46 6.34 8.79 6.25 8.52 6.10 7.75 5.99 3.09 1.42 0.11 -0.99 
 
9
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cxrili 9.  
Semanelebeli V (bsm+W0 ) ; V( bmax+W0 ) da Tavisufali gorvis V (W0 )    mrudebis asagebad 
saWiro angariSi e.m.S. wona Q = 4860 t.–s 
 
Vkm/sT 0 10 20 30 40 50 60 70 80 90 100 
  0.27 0.19 0.16 0.14 0.12 0.11 0.108 0.102 0.097 0.093 0.089 
bmax 
kgZ/T 89.10 65.00 53.46 46.20 41.58 38.28 35.64 33.66 32.00 30.70 29.39 
bsam 44.55 32.50 26.73 23.10 20.79 19.14 17.82 16.83 16.00 15.35 14.68 
W'ox 2.40 2.54 2.76 3.04 3.40 3.82 4.32 4.88 5.52 6.22 7.00 
P•W'ox 441.60 468.28 507.84 560.28 625.60 703.80 794.88 897.92 1015.68 114.54 12.88 
W''04 
kgZ/t 0.90 0.98 1.10 1.25 1.43 1.65 1.90 2.18 2.50 2.85 3.23 
W''06 
kgZ/t 1.23 1.30 1.39 1.51 1.66 1.83 2.03 2.26 2.51 2.79 3.10 
W0 1.16 1.17 1.35 1.49 1.65 1.91 2.07 2.33 2.62 2.72 3.28 
bmax+W0 90.27 66.16 54.81 47.69 43.23 40.19 37.71 35.99 34.62 33.42 32.65 
bsm+W0 45.72 33.66 28.08 24.59 22.44 21.05 19.89 19.16 18.62 18.07 17.96 
W0 1.16 1.17 1.35 1.49 1.65 1.91 2.07 2.33 2.62 2.72 3.28 
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nax. 21 da nax. 22-ze moyvanil amaCqarebeli da Semanelebeli 
Zalebis mrudebis aproqsimacias vawarmoebT Cvens mier 
SeTavazebuli meTodiT. koeficientebi fm, a, b amaCqarebeli mrudis 
f, m, n samuxruWo reJimis da W0, m1, n1 gorvis raJimisaTvis 
ganisazRvreba ise, rogorc es fardobiT erTeulebSi Catarebuli 
gaangariSebisaTvis, (f_W)=f(v); (b0+W0)=f(v); W0=f(v) mrudebidan 
cnobili meTodiT aRniSnuli koeficientebi ganisazRvreba i=o 
qanobisaTvis matareblis gasvlisas momdevno qanobze. qanobis 
Taviseburebidan gamomdinare icvleba a, m, m1  koeficientebi.  
aRniSnuli koeficientebi ganisazRvreba: 
                if
ibfa
m
m

 '                              (97) 
                
if
inmfm
mT
mT

'                              (98) 
                 
iW
inWmm  0
101
1'

                            (99) 
sadac fm, fmsam da Wo xvedriTi Zalebis udidesi mniSvnelobebia 
wevis, samuxruWo da gorvis reJimSi; i im qanobis sididea, 
romelzedac moZraobs matarebeli. 
amaCqarebeli da Semanelebeli Zalebis mrudebis aproqsi-
maciis Sedegebi moyvanilia cxr.10 da cxr.11-Si da grafikulad 
asaxulia nax. 21 da nax. 22-ze. analizuri mniSvnelobebis grafi-
kulTan SedarebiT naTlad Cans maTi kargi damTxveva, rac mniSv-
nelovanwilad gansazRvravs momdevno praqtikuli gaangariSebis 
maRal sizustes. 
 
cxrili 10. 
amaCqarebeli Zalis mrudis aproqsimacia 
Vkm/sT 0 10 20 30 40 50 60 70 80 
f-W kgZ/t, graf. 11 10.7 10 9.2 8.1 7 5.7 4.27 1.8 
f-W kgZ/t, analiz. 11 10.7 10 9.16 8.2 7.1 5.8 4.27 2.43
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cxrili 11. 
Semanelebeli Zalebis mrudebis aproqsimacia 
Vkm/sT 0  10 20 30 40 50 60 70 80 90 100 
b+W 
kgZ/t 
graf. 
45.72 
33.6
6 
28.08 24.59 
22.4
4 
21.05 19.89 19.16 18.62 18.07 17.96 
b+W 
kgZ/t 
anali 
45.72 33.28 27.78 24.65 22.65 21.26 20.23 
19.4
5 
18.82 18.32 17.90 
 
 
gasworebul gzis profilze praqtikul gaangariSebas, 
matareblis wevis reJimSi vawarmoebT (80) da (81) formuliT 
absolutur erTeulebSi aRniSnuli formulebi miiReben Semdeg 
saxes: 


 
 )(
1
1ln)( 0
0
2 avavbav
avab
a
Bt             (100) 
         

 
 ))(()()(
21
1ln)( 0
2
0
2
0
3 avbvabavav
b
av
avab
a
BS       (101) 
sadac 
)(127
)1(
if
B
m 
  ;  
fm - xvedriTi wevis Zalis udidesi mniSvnelobaa. 
)1(   mbrunavi nawilebis gavlenaa matareblis moZraobaze. 
Cvens SemTxvevaSi )1(  =1.05833;  if m  iTvaliswinebs qanobis 
gavlenas matareblis moZraobisas. erTi qanobis elementidan 
meoreze gadasvlis dros icvleba, rogorc B, radgan icvleba X, 
aseve a Sesabamisi a' koeficientiT, romelic iangariSeba (97) 
formuliT. mag: maSin, rodesac i=0   a =0.011;    b=0.0037     roca   i=-4.7      
a'=0.0088; b qanobis mixedviT ar icvleba.  
samuxruWo reJimis angariSs vawarmoebT (92) da (93) 
formuliT. absolutur erTeulebSi aRniSnuli formulebi 
miiReben Semdeg saxes: 
          




mv
mvmnmvmvn
m
Bt
1
1ln)()( 002
'
     (102) 
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

 
 ))()((
21
1ln)())(( 220003
'
mvmvn
mv
mvmnmvmvnm
m
BS            (103) 
iseve, rogorc wevisas samuxruWo reJimis drosac qanobis 
cvlilebasTan erTad analogiurad icvleba B da m: 
)(127
)1('
if
B
m 

sam.

,  
fmsam - samuxruWo Zalis udidesi mniSvnelobaa, romelic fmsam = 
=45.72 kgZ/t tolia. radganac matareblis moZraoba samuxruWo 
reJimSi warmoebs i=-4.7;  i=-12;  i=-9.4; i=-6 da i=0 sididis qanobze. 
Sesabamisad icvleba m''koeficientebis mniSvnelobebi, romlebic 
iangariSeba (98) formuliT. aRniSnuli qanobebis mixedviT m' 
mniSvnelobebi tolia: 0.0129; 0.0023; 0.0066; 0.0113; 0.018. matareb-
lis moZraobisas i=0 qanobze m=0.018; n koeficienti nebismieri 
qanobis dros n =0.062-is tolia.  
gorvis reJimis angariSs vawarmoebT (95) da (96) formuliT. 
absolutur erTeulebSi aRniSnuli formulebi miiReben Semdeg 
saxes: 
    

 
 )(
1
1ln)( 0111
01
1
112
1
vmvmn
vm
vmmn
m
Bt                 (104) 
      
 

 
 20121101111
01
1
113
1
)()(
2
))((
1
1ln)(' vmvmnvmvmmn
vm
vmmn
m
BS   (105) 
iseve, rogorc wina SemTxvevaSi, gorvis reJimis drosac 
qanobis cvlilebasTan erTad analogiurad icvleba BII da m1 
koeficientebi.  
)(127
)1(''
0 iW
B 
  , 
)1(  =1.05833 mbrunavi nawilebis gavlenaa matareblis moZra-
obaze. W0=1.2 kgZ/t gorvisas xvedriTi samuxruWe Zalis udidesi 
mniSvnelobaa. matareblis moZraoba gorvis  reJimSi warmoebs      
i= -12; i = -9,4; i= -6‰ qanobze. sawyisi m1=0.0019 koeficientis cvli-
leba xorcieldeba (99) gamosaxulebiT, mocemuli qanobebisaTvis 
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m'1 Sesabamisad -0.0061; -0.0063; -0.0071-is tolia. n1 = 0.0063 koeficien-
tebi nebismieri qanobis dros aris ucvleli.   
t  angariSi (100), (102) an (104) formulebis garda SesaZle-
belia VsaS.-saSualo siCqaris meSveobiT kerZod ,
1
1
1
saS.V
St   
n
2
2 .
...
saSsaS.2 V
St
V
St nn
 , sadac nSSS  ,....., 2,1  iangariSeba (101), (103) 
an (105) formuliT.  
imisaTvis, rom mivaRwioT maqsimalur sizustes moZraobis 
mrudebis angariSs 1 km/sT siCqaris intervaliT vawarmoebT. mata-
reblis moZraobis Sesabamisi reJimebis angariSi (100), (101), (102), 
(103), (104), (105) gamosaxulebebiT naCvenebia cxrilSi 12. 
V = f(s), mrudis asagebad da moZraobis t drois angariSisaTvis 
vsargeblobT moZraobis Sesabamisi reJimisaTvis miRebuli S -is 
da t  winaswar gansazRvrili mniSvnelobebiT. V = f(s), mrudis S 
manZili ganisazRvreba, rogorc S = S1 + S2 + S3 +... + Sn, xolo    
t = t1 + t2 + t3 + ... + tn  jami. radgan Cven vawarmoebT gzaTa 
mimosvlis saministros meTodiT (ix. 1.8 paragrafi) agebuli V = 
f(s) mrudis Sedarebas Cvens mier SeTavazebul analizuri meTodiT 
miRebul V = f(s) mrudTan. SeTavazebuli meTodiT miRebuli V = f(s) 
damokidebulebis grafikuli SedarebisaTvis aucilebelia 
Sedegebis gadayvana Sesabamis masStabSi, romelic 
rekomendebulia gzaTa mimosvlis saministros mier (ix. cxrili 
2.) da aseTi saxiT miRebuli Sedegis datana e.w. “milimetrovkaze”.  
gzaTa mimosvlis saministros  meTodiT miRebuli V= f (s) 
mrudi moicavs matareblis moZraobis sxvadasxva reJims, identuri 
reJimebis gamoyenebiT analizurad gaangariSebulia da agebulia 
V= f (s) mrudi. gzaTa mimosvlis saministros meTodiT agebul V = f 
(s) mrudTan erTad, SedarebebisaTvis moyvanilia nax. 23-ze. Cvens 
mier analizuri formulebis gamoyenebiT agebuli V= f (s) mrudi 
naxazze moyvanilia wyvetili, xolo gzaTa mimosvlis 
saministros meTodiT uwyveti wrfiT. grafikuli meTodiT 
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mrudebis ageba w.g.w.–s mixedviT xorcieldeba v = 5 km/sT bijiT, 
amitom analizurad miRebuli mniSvnelobebis sakontrolo 
wertilebi, romelic naxazze datanilia `jvrebiT”, cxrilidan 
aiReba analogiuri bijiT, gamonakliss warmoadgens erTi 
qanobidan meore qanobze gadasvlis v siCqaris Sesabamisi S, 
romelic airCeva amave cxrilidan da daitaneba nazazze. 
Cvens mier angariSis sruli suraTi zustad imave reJimebis 
gamoyenebiT, rogorc gzaTa mimosvlis saministros meTodis 
dros, moyvanilia cxriliSi 12. rogorc nax. 23-dan vxedavT, 
damTxveva ori meTodis mixedviT agebul mruds Soris kargia. 
 
                                                 cxrili 12.  
reJimebis mixedviT drois segmentis t(wm.) da gzis segmentis S(m)  
mniSvnelobebis gansazRvra 
  V( კმ/სთ )  S , ( მ )  S , ( მm )  T , (წმ ) 
w
 e
 v
 i
 s
  
  
r
 e
 J
 i
 m
 i
 
i  
 =
   
0 
 (‰
) 
0  0  0  0 
1  0.380645  0.018271  0 
2  1.530142  0.073447  2.737292 
3  3.460118  0.166086  5.49494 
4  6.182602  0.296765  8.273404 
5  9.710039  0.466082  11.07316 
6  14.05531  0.674655  13.8947 
7  19.23176  0.923125  16.73854 
8  25.25321  1.212154  19.6052 
9  32.13398  1.542431  22.49523 
10  39.88892  1.914668  25.4092 
11  48.53344  2.329605  28.3477 
12  58.08352  2.788009  31.31133 
13  68.55577  3.290677  34.30073 
14  79.96743  3.838436  37.31656 
15  92.33641  4.432148  40.3595 
16  105.6814  5.072705  43.43026 
17  120.0216  5.761039  46.52958 
18  135.3775  6.498118  49.65822 
19  151.7698  7.28495  52.81698 
20  169.2206  8.122587  56.0067 
21  187.7526  9.012124  59.22824 
22 207.3897 9.954705  62.48251 
23 228.1567 10.95152  65.77045 
24 250.0796 12.00382  69.09304 
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w
  
 e
  
 v
  
 i
  
 s
  
  
  
 r
  
 e
  
 J
  
 i
  
 m
  
 i  i  
 =
   
0 
 (‰
) 
25 273.1856 13.11291  72.45132 
26 297.5029 14.28014  75.84635 
27 323.0614 15.50695  79.27927 
28 349.8922 16.79482  82.75124 
29 378.0277 18.14533  86.2635 
30 407.5023 19.56011  89.81734 
31 438.3519 21.04089  93.41412 
32 470.6141 22.58947  97.05526 
33 504.3285 24.20777  104.4766 
34 539.5371 25.89778  108.2601 
35 576.2835 27.66161  112.0944 
36 614.6143 29.50148  115.9813 
37 654.5782 31.41975  119.9229 
38 696.2268 33.41889  123.921 
39 739.6148 35.50151  127.9779 
40 784.7999 37.6704  132.0959 
41 831.8433 39.92848  136.2774 
42 880.8099 42.27888  140.525 
43 931.7687 44.7249  144.8414 
44 984.7929 47.27006  149.2295 
45 1039.961 49.91811  153.6923 
i  
= 
 - 
4.
7 
   
(‰
) 
 
46 1073.496 51.52781  156.3456 
47 1108.126 53.19004  159.0266 
48 1143.876 54.90606  161.736 
49 1180.775 56.6772  164.4749 
50 1218.851 58.50484  167.244 
51 1258.134 60.39045  170.0443 
52 1298.657 62.33555  172.8769 
53 1340.453 64.34175  175.7429 
54 1383.557 66.41071  178.6432 
55 1428.005 68.54422  181.5792 
56 1473.836 70.74413  184.552 
57 1521.091 73.01239  187.5629 
58 1569.814 75.35107  190.6133 
59 1620.049 77.76234  193.7046 
60 1671.844 80.24849  196.8384 
61 1725.249 82.81196  200.0162 
62 1780.319 85.4553  203.2397 
63 1837.109 88.18123  206.5107 
64 1895.68 90.99264  209.8312 
65 1956.095 93.89257  213.2032 
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w
ev
is
  
r
eJ
im
i 
i  
= 
 - 
4.
7 
 (‰
) 
66 2018.422 96.88427  216.6287 
67 2082.733 99.97121  220.1101 
68 2149.105 103.157  223.6499 
69 2217.619 106.4457  227.2506 
70 2288.363 109.8414  230.9149 
71 2361.43 113.3486  234.6459 
72 2436.92 116.9722  238.4467 
73 2514.942 120.7172  242.3208 
74 2595.609 124.5892  246.2718 
75 2679.048 128.5943  250.3036 
76 2765.392 132.7388  254.4206 
77 2854.786 137.0297  258.6273 
78 2947.388 141.4746  262.9287 
79 3043.369 146.0817  267.3302 
80 3142.914 150.8599  271.8378 
s
am
o
s
am
s
ax
u
r
eo
 d
am
u
x
r
u
W
eb
a 
79  3190.08  153.1239  273.5755 
78  3236.462  155.3502  275.306 
77  3282.063  157.539  277.0293 
76  3326.883  159.6904  278.7452 
75  3370.927  161.8045  280.4538 
74  3414.197  163.8815  282.1549 
73  3456.695  165.9214  283.8483 
72  3498.424  167.9244  285.5341 
71  3539.387  169.8906  287.2121 
i  
= 
 - 
12
 (‰
) 
70  3619.707  173.7459  291.3134 
69  3698.131  177.5103  295.3756 
68  3774.677  181.1845  299.3985 
67  3849.366  184.7696  303.3818 
66  3922.216  188.2664  307.3255 
65  3993.246  191.6758  311.2294 
64  4062.475  194.9988  315.0933 
63  4129.923  198.2363  318.9171 
62  4195.609  201.3892  322.7005 
61  4259.552  204.4585  326.4435 
60  4321.773  207.4451  330.1458 
g
o
r
va
 
61  4369.295  209.7262  332.9736 
62  4417.618  212.0457  335.8022 
63  4466.742  214.4036  338.6318 
64  4516.667  216.8  341.4622 
65  4567.394  219.2349  344.2934 
66  4618.923  221.7083  347.1256 
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g
o
r
va
 
i  
= 
 - 
12
  (
‰
) 
67  4671.256  224.2203  349.9586 
68  4724.392  226.7708  352.7926 
69  4778.333  229.36  355.6274 
70  4833.078  231.9877  358.4631 
71  4888.628  234.6541  361.2997 
72  4944.983  237.3592  364.1372 
73  5002.145  240.103  366.9756 
74  5060.114  242.8855  369.8149 
75  5118.89  245.7067  372.655 
s
am
o
s
am
s
ax
u
r
eo
 d
am
u
x
r
u
W
eb
a 
74  5206.977  249.9349  376.9116 
73  5293.095  254.0686  381.1295 
72  5377.262  258.1086  385.3088 
71  5459.495  262.0558  389.4492 
70  5518.752  264.9001  392.475 
i =
 - 
9.
4 
  (
‰
) 
69  5576.755  267.6842  395.4795 
68  5633.513  270.4086  398.4623 
67  5689.034  273.0736  401.4234 
66  5743.327  275.6797  404.3626 
65  5796.399  278.2272  407.2795 
64  5848.261  280.7165  410.1741 
63  5898.92  283.1482  413.0461 
62  5948.386  285.5225  415.8953 
61  5996.667  287.84  418.7215 
60  6043.773  290.1011  421.5244 
g
o
r
va
 
61  6106.722  293.1227  425.2702 
62  6170.739  296.1955  429.0175 
63  6235.823  299.3195  432.7663 
64  6301.975  302.4948  436.5167 
65  6369.197  305.7215  440.2686 
66  6437.489  308.9995  444.0221 
67  6506.853  312.3289  447.7771 
68  6577.289  315.7099  451.5337 
69  6648.798  319.1423  455.2918 
70  6721.381  322.6263  459.0515 
71  6795.039  326.1619  462.8128 
72  6869.773  329.7491  466.5756 
73  6945.584  333.388  470.34 
74  7022.473  337.0787  474.106 
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i =
 - 
9.
4 
(‰
) 
75  7100.441 340.8212  477.8735 
s
am
o
s
am
s
ax
u
r
eo
 d
am
u
x
r
u
W
eb
a 
74  7164.79 343.9099  480.983 
73  7227.853 346.937  484.0718 
72  7289.64 349.9027  487.1398 
71  7350.158 352.8076  490.1868 
70  7409.414 355.6519  493.2127 
69  7467.417 358.436  496.2171 
68  7524.175 361.1604  499.2 
67  7579.696 363.8254  502.1611 
66  7633.989 366.4315  505.1002 
65  7687.062 368.979  508.0172 
64  7738.924 371.4683  510.9117 
63  7789.583 373.9  513.7837 
62  7839.049 376.2743  516.6329 
61  7887.33 378.5918  519.4591 
60  7934.435 380.8529  522.2621 
g
o
r
va
 
61  7997.385 383.8745  526.0078 
62  8061.401 386.9473  529.7551 
63  8126.485 390.0713  533.5039 
64  8192.637 393.2466  537.2543 
65  8259.859 396.4732  541.0062 
66  8328.152 399.7513  544.7597 
i  
= 
- 6
 (‰
) 
 
67  8397.515 403.0807  548.5147 
68  8520.172 408.9682  561.8751 
69  8644.735 414.9473  575.2496 
70  8771.209 421.018  588.6383 
71  8899.596 427.1806  602.0412 
72  9029.898 433.4351  615.4584 
s
am
o
s
am
s
ax
u
r
eo
 d
am
u
x
r
u
W
eb
a  71  9666.559  463.9948  617.7198 
70  9697.518  465.4809  619.9812 
69  9727.936  466.9409  622.2426 
68  9757.812  468.375  624.5040 
67  9787.15  469.7832  626.7654 
66  9815.95  471.1656  629.0268 
65  9844.214  472.5223  631.2882 
64  9871.942  473.8532  633.5496 
63  9899.138  475.1586  635.8110 
62  9925.802  476.4385  638.0724 
61  9951.936  477.6929  640.3338 
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am
o
s
am
s
ax
u
r
eo
 d
am
u
x
r
u
W
eb
a 
i  
= 
- 6
   
(‰
) 
60  9977.542  478.922  642.5952 
59  10002.62  480.1258  644.8566 
58  10027.18  481.3044  647.1180 
57  10051.21  482.4579  649.3795 
56  10074.72  483.5864  651.6409 
55  10097.71  484.69  653.9025 
54  10120.18  485.7687  656.1637 
53  10142.14  486.8227  658.4254 
52  10163.59  487.8521  660.6864 
51  10184.52  488.8569  662.4475 
50  10204.94  489.8373  664.7942 
49  10224.86  490.7934  665.9421 
48  10244.28  491.7253  666.7124 
47  10263.19  492.6331  667.4128 
46  10281.6  493.5169  669.5665 
45  10299.52  494.3768  670.9449 
44  10316.94  495.213  672.3144 
43  10333.87  496.0256  673.6749 
42  10350.31  496.8147  675.0263 
i  
= 
0 
  (
‰
) 
41  10366.26  497.5805  676.3683 
40  10381.73  498.3231  677.7007 
39  10411.23  499.7392  693.7007 
38  11016.59  528.7964  709.7007 
37  11030.63  529.4702  725.7007 
36  11044.2  530.1215  726.9928 
35  11057.3  530.7504  728.2743 
34  11069.94  531.357  729.545 
33  11082.11  531.9415  730.8045 
32  11093.83  532.5041  732.0526 
31  11105.1  533.0449  733.2892 
30  11115.92  533.5643  734.5138 
29  11126.3  534.0623  735.7262 
28  11136.23  534.5392  736.9262 
27  11145.73  534.9952  738.1135 
26  11154.8  535.4306  739.2876 
25  11163.45  535.8455  740.4484 
24  11171.67  536.2401  741.5954 
23  11179.48  536.6148  742.7284 
22  11186.87  536.9698  743.8469 
21  11193.86  537.3054  744.9505 
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siCqaris mrudis agebisas aucilebelia gaviTvaliswinoT, 
rom matareblis moZraobis siCqare, nebismieri reJimiT moZrao-
bisas, miiswrafis wonasworobis damyarebuli siCqarisaken. anu 
iseTi siCqarisken, roca matareblis mier ganviTarebuli wevis 
Zala sididiT utoldeba winaaRmdegobis Zalis mniSvnelobas. 
damyarebuli siCqariT moZraoba grZeldeba im gadasarbenis ele-
mentis bolomde, romelzec moxda siCqaris damyareba. maTematiku-
rad es xdeba roca 0
dt
dv
. am dros Cveni formulebis SemTxvevaSi 
01 '  Va . damyarebuli siCqaris mniSvneloba iangariSeba 
'
1
a
V     
sadac:  
if
ibafa  0
0'  .  
s
am
o
s
am
s
ax
u
r
eo
 d
am
u
x
r
u
W
eb
a 
i  
= 
0 
 (‰
) 
20  11200.45  537.6218  746.039 
19  11206.65  537.9194  747.1119 
18  11212.46  538.1983  748.1687 
17  11217.9  538.459  749.2091 
16  11222.95  538.7018  750.2325 
15  11227.65  538.927  751.2386 
14  11231.98  539.1349  752.2267 
13  11235.96  539.326  753.1964 
12  11239.59  539.5005  754.1471 
11  11242.9  539.659  755.0784 
10  11245.87  539.8018  755.9895 
9  11248.53  539.9294  756.8798 
8  11250.88  540.0422  757.7488 
7  11252.93  540.1407  758.5957 
6  11254.7  540.2254  759.4199 
5  11256.18  540.2969  760.2205 
4  11257.41  540.3556  760.9968 
3  11258.38  540.4022  761.748 
2  11259.11  540.4373  762.4732 
1  11259.61  540.4615  763.1715 
0  11259.91  540.4755  763.8419 
Time (min) 12.71 
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nax. 24. matareblis moZraobis v(s), t(s), aseve I(s)  damokidebulebebi 
da v(s) damokidebuleba miRebuli analizuri formulebis 
gamoyenebiT 
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2.5.4. el. energiis xarjis gansazRvra SeTavazebuli 
 meTodis dros 
 
rogorc 2.4. paragrafSi aRiniSna, el. energiis danaxarji 
matareblis moZraobisas ganisazRvreba grafo-analizuri 
meTodiT, Ie(S) da t(S) an  Ie(t) da mrudebis gamoyenebiT, denis  Ie(t) 
da Ie(S) mrudebis ageba dawvrilebiTaa ganxiluli 2.2.1. para-
grafSi, xolo gzaTa mimosvlis saministros meTodiT t(S) mrudis 
ageba aseve dawvrilebiTaa ganxiluli 1.8 paragrafSi. rogorc 
viciT, t(S) mrudis asagebad gzaTa mimosvlis saministros 
meTodiT, aucilebelia winaswar gvqondes agebuli  V(S)  damo-
kidebuleba. aRniSnuli t(S) da V(S) damokidebulebebi ilustri-
rebisaTvis moyvanilia nax. 24-ze. gzaTa mimosvlis saministros 
meTodiT aRniSnuli mrudebis ageba warmoebs specialuri 
masStabebis safuZvelze, rac agebis process mniSvnelovnad arTu-
lebs, Cvens mier SeTavazebuli formebis angariSis safuZvelze 
agebuli mrudebi ar saWiroeben specialur masStabebs, rac 
mniSvnelovnad amartivebs maTi agebis process.  
el. energiis xarjis gansazRvra Cvens mier SeTavazebuli 
formulebis Sedegebis mixedviT agebuli mrudebis safuZvelze  
mosaxerxebelia Catardes Ie(t) da V(t)  mrudebis gamoyenebiT. 
el. energiis xarjis dadgena warmoebs Semdegnairad: Ie(t)  
mrudidan da V(t) mrudis yovel t  intervalSi iReben IsaS mniSv-
nelobas. aRniSnuli mniSvnelobebi, roca vart  mocemulia 
cxrilSi 13. unda aRiniSnos is garemoeba, rom im SemTxvevisTvis, 
rodesac t  intervali gvaqvs ucvleli, raodenobrivad IsaS. 
denebis mniSvnelobebi gvaqvs meti da amitom gamoTvla ufro 
zustia, am pirobis gaTvaliswinebiT warmoebs wevis reJimis dros 
moxmarebuli el. energiis xarjis dadgena e.g.m.–is meSveobiT. 
amitom aseTi saxiT miRebuli Sedegi ufro zustia cxrilSi 13. 
moyvanil el.energiis mniSvnelobaze.  
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                                                         cxrili 13. 
wevis reJimis dros moxmarebuli A el.energiis xarjis gansazR-
vra grafikuli saxiT miRebuli Ie(t) da V(s) mrudebis gamoyenebiT  
t (wT) saS (a) t· saS 
0.5  650  325 
0.7  1170  819 
0.6  1270  762 
0.6  2200  1320 
0.4  2150  860 
0.2  2050  410 
0.2  2200  440 
0.1  2400  240 
0.1  2550  255 
0.3  2250  675 
0.3  1980  594 
0.3  1800  540 
0.3  1660  498 
        7738 
               3000· t· saS 
A el. =  ----------------------------- 
        (60·1000) 
 
A
el
.  
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9 
Kk
vt
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2.6. wevis gaangariSebis SemoTavazebuli meTodiTYpraqtikuli 
angariSis Catareba e.g.m-is gamoyenebiT    
 
inJinrebis efeqturi muSaoba Tanamedrove pirobebSi SeuZle-
belia personaluri kompiuteris da telesakomunikacio saSuale-
bebis gareSe. personaluri kompiuterebis muSaoba xorcieldeba 
operaciuli sistemebis (mag: MS-DOS, OS/2, BE OS, Linux,Windows da 
a.S.), xolo gamoyenebiTi amocanebis gadasawyvetad gamoiyeneba 
programebis specialuri paketebi. 
bunebrivia, kvalificiur momxmareblebs, romlebic sakmari-
sad floben programirebis romelime enas (C, Pascal, Fortran, Lisp, 
Prolog da a.S.) Tavad ZaluZT ganaxorcielon calkeuli an kompleq-
suri programireba, romelic saSualebas iZleva e.g.m.-ze reali-
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zebul iqnas amocanaTa kompleqsuri algoriTmebi, rig SemTxve-
vaSi momxmareblis mier Seqmnili viwrospecialuri programa 
SeiZleba muSaobdes ufro swrafad, vidre programuli paketis 
mqone programa, Tumca aseTi midgoma did SromasTanaa dakavSi-
rebuli.  
programirebis drois Semcirebis mizniT Seqmnilia didi 
raodenobiT paket-programebi, romelTa efeqturi gamoyenebisTvis  
aucilebelia sworad SeirCes isini ama Tu im amocanis gadasa-
wyvetad. 
sainJinro gamoTvlebis gansaxorcieleblad yvelaze gavrce-
lebulia: Mathcad, Matlab, Derive, Maple V, Mathematica, Vissin da a.S. 
programa Mathcad–i Zalian martivia gamoyenebis da swavlis 
TvalsazrisiT. 
mravali moqmedeba, romelic aucilebelia programis samar-
Tavad, intuiciurad gasagebia da misi ZiriTadi safuZvlebis 
aTvisebisTvis im momxmareblisaTvis, romelsac gaaCnia Windows-is 
gamoyenebis praqtika, 2-3 sT-ia saWiro. 
Mathcad is sistemas gaaCnia Semdegi Tvisebebi: 
1. yvelgan gamoiyeneba Cveulebrivi maTematikuri Canawerebi. 
Tu arsebobs miRebuli saerTo saSualeba gantolebis amoxsnisas 
sxvadasxva maTematikuri operaciebis Casatareblad an grafikebis 
gamosaxvis raRac cnobili forma, programa Mathcad iyenebs maT. 
2. Ggamoiyeneba principi `rasac xedav imas iReb’’ (‘’What you see is 
what you get”) ar arsebobs aranairi faruli informacia, yvelaferi 
gamoisaxeba ekranze. amobeWvdisas saWiro Sedegi gamoiyureba zus-
tad ise, rogorc ekranzea gamosaxuli. 
3. Mmartivi gamosaxulebebi klaviaturaze ikrifeba standar-
tuli klaviaturis gamoyenebiT. specialuri operatorebisaTvis 
(jamis simbolo, integrali, matrica da a.S.) gaTvaliswinebulia 
specialuri e.w. ‘’palitrebi’’ 
kargad Semowmebuli mravali ricxviTi algoriTmebis gamo-
yeneba mniSvnelovnad amartivebs amocanis gadawyvetas. ricxviTi 
gaangariSebis garda, SesaZlebelia simboluri gardaqmnebis gamo-
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yenebac. programas gaaCnia farTo grafikuli SesaZleblobebi, ga-
angariSebis Sedegebis analizisaTvis, aseve SesaZlebelia sxvada-
sxvagvari animaciis Seqna. Mathcad–i srulad iyenebs OLE da DDE  
teqnologias, romelic gamoiyeneba Windows da Microsoft Office–is 
sxvadasxva programuli paketis elementebis kavSirisaTvis. 
   SemoTavazebuli meTodiT wevis angariSi e.g.m.-is gamoyenebiT         
Sesrulebulia maTematikuri programa Mathcad–is da masSi 
Microsoft office  Excel 2007–is elementebis gamoyenebiT. 
      
 
 
2.6.1. el. wevisMmosamzadebeli samuSaos Sesrulebis 
meTodika e.g.m–ze 
 
nebismieri da maT Soris wevis gaangariSebis amocanis Sesru-
leba e.g.m-is gamoyenebiT saWiroebs garkveuli  winaswari mo-
samzadebeli samuSaos Sesrulebas.    
mosamzadebeli samuSao gulisxmobs gzis profilis damuSa-
vebas da garkveuli daSvebebis gziT profilis Semadgeneli 
qanobis elementebis damuSavebas, maT gaerTianebas, saangariSo 
qanobis arCevas, matareblis wonis gansazRvras, mis Semowmebas 
adgilidan daZvris da matareblis kinetikuri energiis gaTva-
liswinebiT SerCeuli saangariSo qanobis gadalaxvis process, 
matareblis wonis Semowmebas sadguris liandagebSi Catevis 
pirobiT amaCqarebeli da Semanelebeli Zalebis gaangariSebas da 
Sesabamisi mrudebis agebas (aRniSnuli sakiTxebi detaluradaa 
ganxiluli naSromis pirvel TavSi.) 
mosamzadebeli samuSaos warmoeba sakmaod rTulia da didi 
raodenobis gamoTvlebis CatarebasTanaa dakavSirebuli. gansakuT-
rebiT did dros moiTxovs aRniSnuli procesis mikrokalkula-
torze Sesruleba, rogorc es keTdeba dRes s.t.u.-s el. trans-
portis kaTedraze sakurso davalebebis Sesrulebisas.  
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Tanamedrove pirobebSi SesaZlebelia mTlianad avtomatizi-
rebuli programis Seqmna, romelic el. wevis amocanebs damou-
kideblad avtomatizirebul reJimSi gadawyvets moZraobis mru-
debis gaangariSebis da agebis CaTvliT. Tumca Cveni mizania 
SevqmnaT produqti, romelsac SemecnebiTi xasiaTi aqvs da aRniS-
nuli programa uSualod gankuTvnilia studentebis sakurso 
davalebebis e.g.m.-ze SesrulebisaTvis, da miznad isaxavs student-
tebis cidnis gaRrmavebas el. wevis TeoriaSi, amitom mizan-
Sewonilia mTlianad avtomatizirebuli programis nacvlad nawi-
lobriv avtomatizirebuli programuli proeqtis Seqmna, rac 
gulisxmobs ara gaugebari moqmedebebis brma Sesrulebas erTi 
daWeriT klaviaturis Rilakze, aramed calkeuli amocanebis 
punqtebad amoxsnas da Sedegebis detalur miznobriv analizs, 
romelic miiReba damuSavebuli saxiT, gasagebi formiT. [6] 
Seqmnili proeqti mTlianad akmayofilebs el. transportis 
kaTedraze miRebul wevis gaangariSebis Catarebis moTxovnebs. 
aRniSnuli saxiT Sesrulebuli programa martivia, masSi dasmuli 
amocanebi gasagebi saxiT aris gadawyvetili da mosaxerxebelia  
studentebisaTvis sakurso davalebebis Sesasruleblad. Ee.g.m.–is 
gamoyeneba didad aRrmavebs studentis codnas da sainteresos 
xdis swavlebis process. 
rogorc yvela amocana, el. wevis angariSis Catarebac moiT-
xovs garkveuli mocemulobis arsebobas. kerZod ganvixiloT 
realuri magaliTi da praqtikulad SevamowmoT Cvens mier 
Seqmnili programa.  
 
Mmocemulia: 
1. eleqtromavlis seria ВЛ-10 
  eleqtromavlis saangariso wevis Zala   Fსაან. = 46000 kgZ  
  lokomotivis daZvris wevis Zala            F Fდაძ = 62600 kgZ   
  eleqtromavlis sigZe                        Lე  = 33 m 
  eleqtromavlis wonaP                      Pე = 184 t  
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  saangariSo siCqare                         Vსაან. = 46,7 km/sT  
qanobi, romelzedac xdeba AB mimarTulebiT Semadgenlobis 
daZvra                                         iდაძ.ABAB= 0‰ 
qanobi, romelzec xdeba AB mimarTulebiT Semadgenlobis 
daZvra                                          iდაძ.BABA= 0‰ 
2. erTeuli vagonis RerZze mosuli wona     q0 =15   ტ 
3. oTxRerZiani vagonis  woniTi wili         ß4 = 0,3 
4. eqvsRerZiani vagonis woniTi wiliß         ß6 = 0,7 
5. rvaRerZiani vagonis woniTi wili           ß8 = 0 
6. oTxRerZiani vagonis wona                   q4 = 60t  
7. eqvsRerZiani vagonis wona                   q6 = 90t 
8. rvaRerZiani vagonis wona                    q8 = 120t 
9. rvaRerZiani vagonis sigrZe               L  L4 = 15m 
10. eqvsRerZiani vagonis sigrZe                 L6 = 17m 
11. rvaRerZiani vagonis sigrZeL                 L8 =  30 მ 
12. sadguris liandagebis sasargeblo sigrZeL  Lსად = 1050m მ 
13. gzis grZivi profilis sigrZeL               Lგპ = 24,2km 
aRniSnuli monacemebi konkretuli lokomotivis tipisaTvis 
SeirCeva wevis gaangariSebis wesebidan.  
naxazze 25. naCvenebia aRniSnuli monacemebis Setanis forma 
programaMMathcad-Si.  
rogorc naxazidan Cans, programaSi cvladebis Seyvana xdeba 
vizualurad gasagebi formiT yovelgvari cvladis Semyvani 
operatoris gamoyenebis gareSe, rac udavod SerCeuli sabazo 
programis dadebiT mxareze miuTiTebs. monacemebis cvlilieba 
saSualebas iZleva martivad vcvaloT saWiro cvladebis mniSv-
neloba, rac programas xdis universaluri xasiaTis mqones.  
cvladebis Seyvanis aseTi martivi forma metad 
mosaxerxebelia gamoTvliTi procesis Casatareblad da ar 
moiTxovs fundamentur codnas Tanamedrove personaluri 
kompiuterebis programirebaSi. 
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nax. 25. programaMMathcad-Si monacemebis Setanis forma 
 
 116
2.6.2. qanobis elementebis damuSaveba da saangariSo  
qanobis arCeva e.g.m.-ze 
 
rogorc aRvniSneT 2.6.1. paragrafSi mosamzadebeli samuSaos 
erT-erTi punqti exeba profilis damuSavebas iseTi formiT, rom 
is mosaxerxebeli gaxdes Semdgomi gaangariSebebisaTvis (ix. 
pirveli Tavi).  
qanobebis gaerTianeba, rac gulisxmobs garkveuli daSvebebis 
gziT mezobeli elementebis erT saerTo qanobad warmodgenas 
matareblis moZraobis diferencialuri gantolebis grafikuli 
an grafo-analizuri meTodiT gadawyvetisas, metad mniSvnelovani 
da sapasuxismgeblo saqmea, ZviradRirebuli drois dazogvis 
mizniT mizanSewonilia arsebuli meTodebis dros profilis 
elementebis analizi da maTi Semdgomi gaerTianeba, Tumca amas 
Tan axlavs Sesabamisi dasaSvebi cdomileba, rac gardauvali 
procesia. muSaobis sxvadasxva etapze dasaSvebi cdomilebis 
raodenoba ikribeba da sakmaod did mniSvnelobebs aRwevs, gansa-
kuTrebiT maSin, roca saqme gvaqvs didi raodenobis qanobis 
elementebTan. am dros ZviradRirebuli drois didi nawili aseve 
ixarjeba qanobis elementebis analizze, rac gulisxmobs mezo-
beli elementebis Semowmebas dasaSveb cdomilebaze, raTa is ar 
gascdes wevis gaangariSebis wesebiT dadgenil farglebs. 
arsebuli analizis Sedegebis safuZvelze miiReba gadawyvetileba 
elementebis gaerTianeba ar gaerTianebaze.  
Tanamedrove e.g.m.-is gamoyeneba saSualebas iZleva SevamciroT 
arsebuli dasaSvebi cdomileba, Tu uars vityviT profilis 
elementebis gaerTianebis proceduris warmoebaze. 
kompiuteris SesaZleblobebi Teoriulad saSualebas iZleva 
vimuSaoT qanobis elementebis usasrulo raodenobasTan, e.g.m.-
sTvis mniSvneloba ara aqvs, ra raodenobis qanobis elementebTan 
gvaqvs saqme, mTavaria amocanis sworad dasma da kompiuteris 
mexsierebaSi amocanis gadawyvetis swori algoriTmis Setana. 
Tumca unda aRiniSnos is garemoebac, rom kompiuteris opera-
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ciuli gadawyvetilebebis misaRebad SedarebiT didi droa 
saWiro, maSin roca qanobebis raodenoba didia,  es Tanmdevi pro-
cesia da damokidebulia e.g.m.-is SesaZleblobebze. ramdenime 
wamiT dayovneba informaciis misaRebad ar Seedreba praqtikuli 
angariSis Catarebis dros profilis analizze da Semdgom 
gaangariSebebze daxarjuli drois raodenobas, romlis xangrZ-
livobac qanobis elementebis raodenobaze da angariSis Cata-
rebis xarisxzea pirdapir dakavSirebuli da rig SemTxvevaSi 
`kalkulatoriT’’ angariSis da diagramebis agebis gaTvalis-
winebiT ramodenime dResac ki aRwevs. cnobili faqtia, rom aRniS-
nuli wevis gaangariSeba rac sakurso proeqtis saxiT moiTxoveba 
s.t.u–s el. transportis kaTedraze myofi studentebisaTvis 
mTeli semestris manZilze sruldeba wevis amocanebis 
TandaTanobiTi Seswavlis gziT. 
qanobis elementebis gaerTianebaze uaris Tqma, erTis mxriv, 
amcirebs  dasaSveb cdomilebaze Semowmebis drois raodenobas 
da meore mxriv zrdis Sedegebis sizustes, rac metad mniSvne-
lovania. Cvens mier Seqmnili kompiuteruli programa am faqto-
rebis gaTvaliswinebiT ar axorcielebs qanobis elementebis 
gaerTianebas. aqedan gamomdinare, gzis grZivi profili miiReba 
realuri saxiT da srulad asaxavs im procesebs, rac qanobis 
elementebis gaerTianebis dros nawilobriv ikargeba an sruli 
saxiT ar warmoCndeba. 
rogorc aRvniSneT Tavis dasawyisSi, sabazo programa 
Mathcad 14-is erT-erTi dadebiTi mxare aris is, rom masSi garda 
programiT gaTvaliswinebuli sxvadasxva moqmedebisa, SesaZle-
belia sxva damoukidebeli programis elementebis gamoyeneba, rac 
programirebis dros metad mniSvnelovania. magaliTad, roca 
saWiroa cxrilebTan muSaoba mosaxerxebelia Microsoft Office Excel 
2007–is elementebis gamoyenebა, rasac viyenebT programirebis 
dros. nax. 26-ze naCvenebia amonaridi Cvens mier Seqmnili pro-
gramidan, sadac moyvanilia gzis profili mocemuli analizuri 
formiT.  
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nax. 26. gzis profili da saangariSo qanobis arCeva. 
 
 
nebismieri qanobi xasiaTdeba h simaRliT da S gavrcelebis 
sididiT. cxrilSi operatoris mier aRniSnuli sidideebis Sey-
vana xdeba A, C, D da E svetebSi. A svetSi operatoris mier Sei-
yvaneba i qanobis elementis simaRle romelic moicema (‰)–Si. 
Sesabamisad ‘’–‘’ niSniT aRiniSnulia h sididis uaryofiTi mniSv-
neloba. ufro gasagebi eniT rom vTqvaT, daRmarTi, ‘’+’’ niSniT h 
sididis dadebiTi mimarTuleba anu aRmarTi. aRniSnul svetebSi 
Seiyvaneba informacia matareblis ‘’AB’’ mimarTulebiT moZrao-
bisas. ‘’C’’ svetSi Seiyvaneba qanobis gavrcelebis sidide, ‘’E’’ 
svetSi mrudebis arsebobis SemTxvevaSi Segvyavs maTi simrudis 
radiusis sidide, danarCeni moqmedebebi cxrilSi avtomaturad 
xorcieldeba, kerZod damoukideblad xdeba ‘’AB’’ da ‘’BA’’ mimar-
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TulbiT ‘’F’’ da ‘’G’’ svetebSi mrudebis arsebobis SemTxvevaSi 
qanobis Sesworeba, rac gulisxmobs mrudis gavlenis asaxvas 
matareblis moZraobaze. warmovadgenT ra mas warmosaxviTi qano-
bis saxiT, e.i. realur qanobs vcvliT fizikuri qanobiT. [11] 
 fizikuri qanobi miiReba realur qanobis elementze 
warmosaxviTi qanobis sididis damatebiT. ’’H3’’ da ‘’I3’’ ujraSi 
moicema saangariSo qanobis mniSvneloba Sesabamisi ‘’AB’’ da 
‘’BA’’ mimarTulebiT, TvalsaCinoebisaTvis aqve xdeba gzis 
profilis grafikuli vizualizacia, saangariSo qanobis 
mniSvnelobebis ‘’eqsporti’’ xdeba avtomaturad programaSi 
Semdgomi gaangariSebis sawarmoeblad. 
   ♥♥♥ 
♥♥♥♥♥ 
  2.6.3.Mmatareblis wonis gansazRvra e.g.m–is gamoyenebiT 
 
garda gzis profilze samuSaos Catarebisa mosamzadebel sa-
muSaos ganekuTvneba aseve matareblis wonis gansazRvra mata-
reblis wona ganisazRvreba da warmoebs saangariSo qanobis da 
adgilidan daZvris pirobiT. miRebuli Sedegebis mixedviT airCeva 
matareblis Semadgenloba optimaluri woniT, romelic mowmdeba 
sadguris liandagebSi Catevaze. [11] 
am amocanis tradiciuli formiT gadawyveta mikrokalku-
latorebis gamoyenebiT Sromatevadi da damRleli procesia. 
personaluri kompiuterebis gamoyeneba ki, rogorc cnobilia, 
moiTxovs Sesabamis codnas programirebis sferoSi. Mathcad-14-is 
unikaluri interfeisis meSveobiT martivad SeiZleba movaxdinoT 
gamoTvlebis optimizacia. sxva maTematikuri paket-programebisgan 
gansxvavebiT Mathcad-Si formulebis da saWiro cvladebis Seyvana 
pirdapir xdeba yovelgvari cvladebis Semyvani operatorebis 
gamoyenebis gareSe, formulebis Cawera xdeba Cveulebrivi for-
miT (ix. nax. 27a) da amgvarad ar moiTxoveba siRrmiseuli codna 
programirebis ganxorcielebisaTvis.     
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nax. 27. matareblis wonis gansazRvra saangariSo anu 
saxelmZRvanelo qanobis mixedviT 
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nax. 28. matareblis wonis gansazRvra adgilidan daZvris pirobiT 
 
 
 
rig SemTxvevaSi gaangariSebis procesis marTvisTvis 
aucilebeli xdeba specialuri RonisZeebebis ganxorcieleba. ase 
magaliTad, matareblis wonis gansazRvra saangariSo qanobis 
gaTvaliswinebiT (nax. 27). im SemTxvevaSi, roca fizikurad ar 
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gvaqvs saangariSo qanobi, sruli uazrobaa, amitom aseTi 
SemTxvevis arsebobisas aucilebeli xdeba pirobiTi “IF” opera-
toris gamoyeneba (nax. 27.b). pirobiTi operatori “IF” moqmedebs or 
etapad: jer mowmdeba operatoris marjvniv Cawerili piroba da 
Tu piroba ‘’WeSmaritia’’, sruldeba operatoris marcxena mxareSi 
myofi gamosaxuleba. [31]  
programisaTvis interaqtiuli saxis misacemad martivad 
viyenebT logikur “IF” operators, magaliTad matareblis wonis 
gansazRvris SemTxvevaSi adgilidan daZvris pirobiT, romelic 
ilustrirebulia naxazze 28.  Tu QdaZ > Qsq.  piroba ‘’WeSmaritia’’ 
gamodis Setyobineba ‘’adgilidan daZvris piroba sruldeba’’, 
‘’mcdari’’ pirobis SemTxvevaSi gamodis SeniSvna: ‘’adgilidan daZv-
ris piroba ar sruldeba’’, Tu raRac mizezis gamo saangariSo 
qanobi programam SecdomiT airCia ‘’_‘’ niSnis mqone elementi, ma-
Sin gamodis Setyobineba  ‘’gadaamowme! Secdomaa gaangariSebaSi’’. 
matareblis dasaSvebis sigrZis gansazRvra naCvenebia nax. 29-
ze. matareblis realuri sigrZis dasadgenad saWiroa oTx-
RerZiani, eqvsRerZiani da rvaRerZiani vagonebis raodenobis gan-
sazRvra saerTo SemadgenlobaSi. im SemTxvevaSi, Tu romelime 
mimarTulebiT moZraobisas saangariSo qanobi ar gvaqvs, maSin 
matareblis realuri sigrZis dadgena araa saWiro da Sesabamisad 
matareblis efeqturi wonis SerCeva am mimarTulebiT unda 
moxdes Semadgenlobis erTi grZivi metri wonis dadgeniT (ix. nax. 
30), xolo radgan efeqturi wonis gansazRvra ar xdeba iseTi 
formuliT, sadac cvladebad Sedis vagonTa raodenoba azri ara 
aqvs am mimarTulebiT vawarmooT aRniSnuli gaangariSeba. radgan 
Cven ar gvaqvs saangariSo qanobi AB pirobiTi mimarTulebiT, 
ekranze gamodis komentari ‘’SeniSvna AB mimarTulebiT angariSs 
ar saWiroebs’’, pirobiTi BA mimarTulebiT ki Semdgomi angari-
SebisaTvis ganisazRvreba oTxRerZiani, eqvsRerZiani da 
rvaRerZiani vagonebis raodenoba SemadgenlobaSi. 
Semadgenlobis realuri sigrZis gansazRvris procedura 
naCvenebia nax. 30-ze. Aaqac, rogorc wina SemTxvevaSi, Tu Qsq. ar 
gvaqvs romelime mimarTulebiT, araa aucilebeli ganizazRvros 
Semadgenlobis realuri sigrZe, radgan efeqturi wonis dadgena 
sxva meTodiT xdeba da amitom im pirobiTi mimarTulebiT, sadac 
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saangariSo qanobi ar gvaqvs Cvens SemTxvevaSi, es aris AB mimar-
Tuleba, Semadgenlobis sigrZis gaswvriv gamodis komentari 
`SeniSvna; AB mimarTulebiT ar vangariSobT’’. BA pirobiTi mimar-
TulebiT angariSi Cveulebrivad warmoebs. 
 
 
 
 
nax. 29. matareblis wonis Semowmeba sadguris liandagebSi 
Catevis pirobiT 
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nax. 30. Semadgenlobis realuri sigrZis gansazRvra. 
 
 
 
matareblis Semajamebeli wonis dadgena warmoebs zemoT 
moyvanili gaangariSebis safuZvelze, igi dgindeba Qsq,  QdaZ.,  Qsl. 
gaTvaliswinebiT. mocemuli mimarTulebiT SeiZleba gatardes 
maqsimaluri wonis matarebeli, romelic am sami wonidan mini-
maluris tolia.  
im SemTxvevaSi, roca saangariSo qanobi mocemuli mimarTu-
lebiT ar gvaqvs, rogorc zemoT avRniSneT, matareblis wonis 
gansazRvrisTvis viangariSoT Semadgenlobis 1 grZivi metris 
wona, romlis namravlic sadguris liandagebSi Semadgenlobis 
dasaSveb sigrZeze gvaZlevs matareblis wonas mocemuli mimarTu-
lebiT. 
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nax. 31.MSemajamebeli matareblis wonis gansazRvra.  
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2.6.4. amaCqarebeli da Semanelebeli Zalebis gaangariSeba da 
aproqsimacia wilad-wrfivi funqciiT 
 
matareblis moZraobis diferencialuri gantolebis (15), (16) 
analizuri meTodiT integrireba emyareba amaCqarebeli da 
Semanelebeli Zalebis analizuri funqciiT aproqsimacias. apro-
qsimaciis mizania miaxloebiTi funqciis ageba, romelic axlos 
iqneba miTiTebul wertilebTan an uwyvet funqciasTan, romlis 
aproqsimaciac konkretulad  xorcieldeba. AaseTi amocana dgeba 
maSin, roca amosavali monacemebSi cdomilebaa, anda maSin, roca 
saWiroa rTuli an ucnobi funqciis gamartivebuli maTematikuri 
aRwera. realur da aproqsimaciis Sedegad miRebul funqcias 
Soris siaxlove ganisazRvreba ricxviTi pirobiT, romelsac 
aproqsimaciis kriteriums uwodeben. [32]  
moZraobis mrudebis praqtikuli gaangariSeba da ageba dawv-
rilebiTaa aRwerili naSromis me-2 TavSi. Mathcad-14-is paket-
programa iZleva saSualebas garda sakuTari programirebis sa-
Sualebebisa gamoyenebul iqnas sxvadasxva programis elementebi, 
kerZod cxrilebTan muSaobis dros mosaxerxebelia Microsoft Office 
Excel 2007–is elementebis gamoyeneba nax. 32-ze moyvanilia amaCqa-
rebeli Zalis mrudis misaRebad saWiro angariSi. programa Excel-
is Sheet 1 cxrilSi saxelwodebiT ‘’amaCqarebeli Zalis angariSi” 
Sesabamis B1, B2, B3, B4 da B5 ujrebze ganTavsebul Textbox-Si 
Sesabamisad lokomotivis wonis (t), Semadgenlobis saerTo wonis 
(t), SemadgenlobaSi oTxRerZiani, eqvsRerZiani da rvaRerZiani 
vagonebis woniTi wilis mniSvnelobebis SeyvaniT avtomatur re-
JimSi sabolood `O’’ svetSi viRebT xvedriTi amaCqarebeli Zalis 
mniSvnelobas. ”O” da “C” svetebis gamoyenebiT aigeba (f-W0)(v) 
damokidebuleba amave cxrilis Sheet2–Si saxelwodebiT “(f-W0)(v)”. 
realuri amaCqarebeli Zalebis mrudi agebuli saxiT naCvenebia 
nax. 33-ze (mrudi 1). amave naxazzea moyvanili aRniSnuli mrudis 
aproqsimacia wilad-wrfivi funqciiT (77) (mrudi 2), sadac age-
buli realuri amaCqarebeli Zalis mrudis aproqsimacia programa 
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Excel-is Layout funqciis Trendline ganyofilebaSi Polynomial funqciis 
2 koordinatis miTiTebiT xorcieldeba realuri amaCqarebeli 
Zalis mrudis aproqsimacia meore rigis mrudiT, kerZod parabo-
liT (mrudi 3), Tumca aseTi aproqsimacia mouxerxebelia, radgan 
integrirebis Sedegad miiReba rTuli algebruli gamosaxulebebi 
da garda amisa paraboliT aproqsimacia  maRali siCqaris dros 
zrdis gamoTvlebis cdomilebas radgan parabolis Sto garkveul 
momentSi aRwevs maqsimalur mniSvnelobas anu mwvervals da Sem-
deg iwyebs daRmasvlas, rac azrs ukargavs yovelgvar apro-
qsimacias. Cvens mier parabolis mrudis nawilze SeTavazebuli 
funqciis a  da b koeficientebis avtomaturi koreqtirebiT, rome-
lic xorcieldeba cxrilis “D” svetis  E24, E25, E26 da E27  
ujrebze ganTavsebul Textbox-Si Sesabamisi V1, V2 da maTi Sesa-
bamisi (f_W0)1 da (f_W0)2 xvedriTi Zalebis SeyvaniT miiRweva SeTa-
vazebuli FfunqciiT realuri amaCqarebeli Zalis mrudis apro-
qsimacia maqsimaluri sizustiT Semanelebeli Zalebis gaangari-
Seba da ageba naCvenebia Sesabamisad nax. 34-ze. Dda nax. 35-ze. 
Semanelebeli Zalebis gaangariSeba da ageba iseve principiT 
mimdinarebs rogorc amaCqarebeli Zalis angariSi, aqac Sheet1 
saxelwodebiT “Semanelebeli Zalebis angariSi” cxrilis “C” 
svetis C2, C3, C4, C5, C6 da C7 ujrebze mdebare Textbox–Si xdeba 
Sesabamisad Semadgenlobis wonis (t), samuxruWo koeficientis, 
lokomotivis wonis (t), oTxRerZiani, eqvsRerZiani da rvaRerZiani 
vagonebis woniTi wilis SeyvaniT. avtomatur reJimSi moicema R, S 
da T svetebSi Tavisufali gorvis, eqstremaluri da samosam-
saxureo damuxruWebis dros xvedriTi Zalis mniSvnelobebi. cal-
calke “R”, “S”, “T” svetebis “C” svetTan damokidebuleba  Sesaba-
misad gvaZlevs Semanelebeli Zalebis mrudebs, romlis ageba da 
aproqsimacia xorcieldeba amave cxrilis Sheet2–Si saxelwodebiT 
“Semanelebeli Zalebis ageba”, romelic naCvenebia nax. 35–ze. 
aproqsimaciisaTvis saWiro koeficientebis ganszRvra, razec 
mniSvnelovnadaa damokidebuli Semdgomi gaangariSebebis sizuste, 
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avtomaturad xorcieldeba. eqstremaluri damuxruWebis mrudis 
aproqsimaciisaTvis saWiro m da n koeficientebis angariSi war-
moebs B25 da B26 ujraze mdebare Textbox–Si, samosamsaxureo damux-
ruWebis m da n ganisazRvreba J24 da J25 ujrebze mdebare Textbox–
Si, xolo Tavisufali gorvis m da n koeficientebi ganisazRvreba  
R24 da R25 ujrebze ganTavsebul Textbox–Si siCqaris mniSvnelo-
bebis SeyvaniT. aproqsimaciis vizualuri kontroli xorcieldeba 
Sesabamis Semanelebeli Zalis mrudze aproqsimaciis Sedegad 
miRebuli mrudis zeddebiT. rac ufro zustia damTxveva romel-
sac Seesabameba Sesabamisi m da n koeficienti konkretuli 
reJimisaTvis, miT ufro zustad warimarTeba Semdgomi gaanga-
riSeba. MSemanelebeli Zalebis mrudebis aproqsimaciis Sedegebi 
moyvanilia nax. 36–ze. rogorc naxazidan Cans, realuri da 
aproqsimaciis Sedegad miRebuli mrudebis damTxveva idealuria. 
 
 
 
nax. 32. amaCqarebeli Zalis gaangariSeba. 
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samuxruWo manZilis gansazRvra naCvenebia nax. 37-ze. igi xor-
cieldeba amave cxrilis Sheet3–Si saxelwodebiT “samuxruWo 
manZilis gansazRvra.” aRniSnuli amocanis gadawyvetis tradi-
ciuli gzebi dawvrilebiTaa ganxiluli disertaciis  litera-
turul mimoxilvaSi. samuxruWo manZilis gansazRvra xor-
cieldeba martivad B2, B3, B4 ujrebze mdebare Textbox-ze xorcie-
ldeba SemadgenlobaSi oTxRerZiani, eqvsRerZiani da rvaRerZiani  
vagonebis woniTi wilis Seyvana, B5 da B6 ujrebze mdebare Textbox-
Si Sesabamisad Segvyavs qanobis da damuxruWebis dawyebis V1 siC-
qaris mniSvneloba, sruli samuxruWo manZili ki moicema M3 uj-
raSi, romelic ganisazRvreba rogorc Ssr.= Smos.+Snam. (m).  
 
 
 
 
nax. 33. realuri amaCqarebeli Zalis mrudis aproqsimacia. 
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nax. 34. xvedriTi Semanelebeli Zalebis gaangariSeba. 
 
 
 
 
nax. 35. Semanelebeli Zalebis aproqsimacia. 
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nax. 36. Semanelebeli Zalebis aproqsimaciis Sedegi. 
 
 
 
 
          nax. 37. samuxruWo manZilis gansazRvra. 
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2.6.5. moZraobis mrudebis gaangariSeba da ageba  
e.g.m.-is gamoyenebiT 
 
      moZraobis mrudebs ganekuTvneba v(s), v(t) an t(s) damokidebu-
lebebi. siCqaris mruds uwodeben v(s) matareblis moZraobis 
siCqaris grafikul damokidebulebas gavlis manZilze. misi agebis 
dros xelmZRvaneloben imiT, rom siCqare yovelTvis miiswrafis 
wonasworobis mniSvnelobisaken. amitom matareblis gadasvlisas 
momdevno qanobis elementze gansazRvraven wevis reJimis dros am 
siCqaris mniSvnelobas amaCqarebeli da Semanelebeli Zalebis 
diagramebis gamoyenebiT. matareblis ucvleli reJimiT moZrao-
bisas (weva, gorva an damuxruWeba) profilis elementis farg-
lebSi, siCqaris cvlileba xorcieldeba, sanam is ar miaRwevs 
damyarebuli sididis mniSvnelobas. aseT reJimSi matarebeli 
agrZelebs moZraobas profilis im elementis bolomde, romel-
zec moxda siCqaris damyareba an manamde, sanam aRniSnuli pro-
filis elementis farglebSi ar Seicvleba moZraobis reJimi [2]. 
 wonasworobis siCqaris mniSvneloba Cveulebriv ganisazRvreba 
amaCqarebeli da Semanelebeli Zalebis diagramebis gamoyenebiT, 
abscisaTa RerZze sadac datanilia xvedriTi Zalebi, qanobis 
sididis (‰) gadazomviT da miRebul mniSvnelobaze marTobis aR-
marTiT. marTobis da amaCqarebeli (Semanelebeli) Zalis mrudis 
gadakveTis wertilis gegmili ordinatTa RerZze gvaZlevs wona-
sworobis siCqaris mniSvnelobas. nax. 33-ze naCvenebi realuri 
amaCqarebeli Zalis (mrudi 1) da misi aproqsimacia (mrudi 2) Cvens 
mier SeTavazebuli funqciiT iZleva garkveul sxvaobas wona-
sworobis siCqaris gansazRvris dros, amitom wevis reJimSi mata-
reblis moZraobisas adgili eqneba garkveul cdomilebas damya-
rebuli siCqariT qanobis elementze moZraobisas rac am SemT-
xvevaSi gardauvalia. samuxruWo da gorvis reJimis mrudebis 
aproqsimacia idealuria (aproqsimaciis Sedegi ix. nax. 36; gra-
fikuli damTxveva ix. nax. 35) da amitom wonasworobis siCqaris 
mniSvnelobebi am reJimebSi erTmaneTis tolia, Sesabamisad wevis 
reJimisTvis damaxasiaTebel cdomilebas adgili ar eqneba. 
SGgavlili manZilis angariSi matareblis moZraobis sxva-
dasxva reJimis gamoyenebiT xorcieldeba (101), (103), (105) 
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gamosaxulebebis meSveobiT. aRniSnuli formulebi gansazRvraven 
S manZils [V0,V1] monakveTis farglebSi aRniSnuli siCqaree-
bisTvis mniSvnelobebis micema gansazRvravs angariSis bijs. 
Tanamedrove personaluri kompiuteri iZleva saSualebas angari-
SebisaTvis gamoviyenoT nebismieri sididis biji. gamoTvlebis 
sizustis gazrdis mizniT mizanSewonilia gamoviyenoT erTeuli 
biji anu absolutur erTeulebSi angariSebis Catarebas vaxor-
cielebT h=1 km/sT bijiT. S manZilis angariSi wevis reJimis 
dros naCvenebia nax. 38 samosamsaxureo damuxruWebis reJimis 
angariSis moyvanilia nax. 39. eqstremaluri damuxruWebis reJimis 
angariSi nax. 40. gorvis reJimis angariSis Sesabamisi ilustracia 
moyvanilia nax. 41–ze. aRniSnuli angariSebis warmoebisaTvis 
saWiroa cxrilis BS svetSi ganTavsebul Textbox-ebSi 
TanmimdevrobiT SeviyvanoT winaswar gansazRvruli amaCqarebeli 
da Semanelebeli Zalebis aproqsimaciis Sedegad maTi mrudebis 
maxasiTebeli koeficientebi a, b da (f-wo) wevis reJimis,  (b-wo), m da 
n  samosamsaxureo da (b-wo)max, mmax da nmax eqstremaluri damuxru-
Webis, wo, mg, ng, gorvis reJimis angariSisaTvis. BT svetSi gan-
Tavsebul Textbox–ebSi Segvyavs qanobis mniSvnelobebis sidide ‰, 
xolo BU svetSi mdebare Textbox–ebSi maTi gavrcelebis sidide 
(m); programa saSualebas iZleva angariSebi vawarmooT maqsimum 30 
profilis elementze erTdroulad. Vo da V siCqaris mniSvne-
lobebi, romelic angariSis Catarebis bijs gansazRvravs Seyvani-
lia Sesabanisad BX da BY svetebSi. radgan Cven vaxorcielebT 
kompiuteruli programis prezentacias, simartivisaTvis  angariSs 
vawarmoebT 6 profilis elementisaTvis. S manZilis angariSis 
Sedegi Sesabamisi qanobis elementisaTvis moicema  BZ, CA, CB, CC, 
CD, CE mwkrivSi. naxazze naCveneb CF da CG ise rogorc danarCeni 
24 qanobis elementis svetebSi arsebuli Sedegebi Semdgom 
gaangariSebebSi ar iReben monawileobas, radgan maT Sesabamis 
Textbox–ebSi qanobis sididis da gavrcelebis adgilas miTi-
Tebulia “0”. faqtiurad es svetebi imyofebian molodinis reJimSi 
da maTi gamoyeneba moxdeba maSin, roca maT miecemaT Sesabamisi 
qanobis sididis da gavrcelebis mniSvneloba. 
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nax. 38. gzis segmenti ∆S -is angariSi wevis reJimis dros 
siCqaris segmentis ∆V=1km/sT bijiT 
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nax. 39.  gzis segmenti ∆S-is angariSi samosamsaxureo damuxru- 
Webis drosΔ siCqaris segmentis V=1km/sT bijiT 
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nax. 40. gzis segmenti ∆S-is angariSi eqstremaluri damuxru- 
Webis dros siCqaris segmentis V=1km/sT bijiT 
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nax. 41.  gzis segmenti ∆S-is angariSi Tavisufali gorvis drosΔ 
siCqaris segmentis V=1km/sT bijiT   
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∆t drois gansazRvra moZraobis sxvadasxva reJimis dros ∆S 
gavlili manZilis angariSis analogiurad warmoebs im gansx-
vavebiT, rom TiToeuli reJimisaTvis Sesabamis Sheet 2-Si saxel-
wodebiT “moZraobis dro” Sheet 1 – “gavlili manZili”-dan avtoma-
turad xorcieldeba Semanelebeli Zalebis aproqsimaciis Sede-
gad gansazRvruli koeficientebis saWiro importi. ∆t drois 
angariSi wevis reJimis dros xorcieldeba (100), eqstremaluri da 
samosamsaxureo damuxruWebis (102), xolo gorvis (104) gamosa-
xulebebiT. aRniSnuli reJimebis mixedviT ∆t drois angariSi wevis 
reJimSi ilustrirebulia nax. 42-ze. samosamsaxureo,  eqstrema-
luri da gorvis reJimebis ilustracia moyvanilia nax. 42, nax. 43, 
nax. 44, nax. 45–ze. 
 
 
 
nax. 42. ∆t drois segmentis angariSi wevis reJimis dros siCqaris 
segmentis V=1 km/sT bijiT   
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nax. 43. ∆t drois segmentis angariSi samosamsaxureo damuxru- 
Webis dros siCqaris segmentis V=1 km/sT bijiT 
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nax. 44. ∆t drois segmentis angariSi eqstremaluri damuxru-  
Webis  dros seCqaris segmentis V=1 km/sT bijiT 
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nax. 45. ∆t drois segmentis  angariSi Tavisufali gorvis dros 
seCqaris segmentis V=1km/sT bijiT   
 
 
 
v(s) siCqaris mrudi aigeba e.w. iteraciis meTodis gamoyenebiT, 
termini iteracia programirebaSi monacemTa damuSavebis iseTi 
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formiT organizebaa, romlis drosac mravaljeradad meordeba 
procesi ise, rom am dros sakuTari Tavis gamoZaxeba ar xor-
cieldeba, roca raRac moqmedeba aucilebelia gameordes, prog-
ramaSi gamoiyeneba cikli mag. Tu saWiroa 200-jer gameordes ek-
ranze “welcome’’ erTi da igive komentaris 200-jer gameorebis 
magivrad iqmneba cikli, romelic meordeba 200-jer da sruldeba 
is moqmedeba, rac ciklis sxeulSia Cawerili, ciklis erTi biji 
iwodeba iteraciad.  
Cvens SemTxvevaSi moZraobis mrudebis angariSebi iteraciis 
gamoyenebiT xorcieldeba Semdegnairad: winaswar Catarebuli an-
gariSis Sedegad gvaqvs wevis, gorvis, samosamsaxureo da eqstre-
maluri damuxruWebis, ∆S da ∆t daangariSebuli saxiT V0  da V 
siCqaris sxvadasxva mniSvnelobisaTvis, is ganTavsebulia progra-
ma Excel 2007 svetebad, romlebic organizebulia Sesabamisi i 
qanobis (‰) da misi S gavrcelebis (m). cxrilis saxiT miRebuli 
Sedegebis swori arCeviT Sesabamisi reJimebisTvis aigeba v(s) 
mrudi da aRniSnuli damokidebulebis agebis dasasruls ganisa-
zRvreba moZraobis drois mniSvneloba (wT)–Si. 
v(s) damokidebulebis agebis da v(t) angariSis proceduris 
gansaxorcieleblad aucilebelia gamoviyenoT jer Rilaki ”ga-
sufTaveba”, Semdgom Rilaki “procesis dawyeba” S gavlili manZi-
lis da moZraobis t drois mniSvnelobebis sxvadasxva Sesabamisi 
gzis profilisaTvis gansazRvruli saxiT inaxeba cxrilis bib-
lioTekaSi Sheet1 “gavlili manZili” da Sheet2 “moZraobis dro”. 
matareblis moZraobis reJimebis marTva xorcieldeba ekranze 
ganTavsebul virtualur Rilakze operatoris mier Sesabamisi 
reJimis (Click) arCeviT. aRniSnuli Rilakebi dakavSirebulia maTze 
miTiTebuli matareblis moZraobis reJimis Sesabamis cxrilebTan, 
saidanac Sesabamisi i qanobis dros [vo v] moZraobis siCqarisaTvis 
aiReba S manZilis t drois mniSvnelobebi.  
nax. 46-ze naCvenebia v(s) damokidebulebis ageba. matareblis 
moZraobis reJimebis marTva xdeba moZraobis reJimebis Sesabamisi 
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virtualuri Rilakebis gamoyenebiT. virtualur Rilakze “proce-
sis dawyeba” “Click”–iT ekranze grafikulad moicema gzis muSa 
profili (mrudi 1), romelzec warmoebs matareblis Semdgomi 
moZraoba mocemuli mimarTulebiT. aRniSnulis vizualizacia 
exmareba operators gzis profilis elementis gaTvaliwinebiT 
martivi “Click”–is meSveobiT airCios moZraobis Sesabamisi (weva, 
Tavisufali gorva, samosamsaxureo an eqstremaluri damuxruWeba) 
reJimi. v(s) damokidebuleba (mrudi 2) aigeba virtualur Rila-
kebze operatoris manipulaciebiT. agebis optimizaciisaTvis 
operators, rom ar mouwios yoveli h=1 km/sT bijiT miRebuli S 
da t mniSvnelobebiT grafikuli asaxvisaTvis “Click”–is gakeTeba 
gonivrulia moxdes ramdenime mniSvnelobis S da t Sekreba da 
misi erT “Click”–Si moqceva. aRniSnuli ise unda ganxorcieldes, 
rom “Click”–is biji iyos optimaluri da operators aZlevdes 
imis saSualebas akontrolos moZraobis mrudis agebis procesi. 
Cvens SemTxvevaSi gamoiyeneba “Click”–is h=5 km/sT-is biji, rac 
niSnavs imas, rom romelime moZraobis reJimis Sesabamis virtua-
lur Rilakze erTi “Click”-iT xorcieldeba S da t erTdroulad 
[vov]-s xuTi siCqaris mniSvnelobisaTvis naangariSebi S da t ja-
mis erT “Click”–Si gaerTianeba da aseTi saxiT miRebuli Sede-
gebis gamoyeneba. 
nax. 46-ze naCvenebi virtualiri Rilakis “Stop 1”da “Stop 2” 
arCeviT xorcieldeba sadguris liandagebSi Semadgenlobis gaCe-
rebis procesis marTva (ix. mrudi 3). aRniSnuli damuxruWebis 
mrudi aigeba samosamsaxureo damuxruWebis monacemebis meSveobiT. 
mrudis zeda SezRudva vrceldeba matareblis konstruqciuli 
vkon. siCqariT. Mmrudi 3–is da mrudi 2–is gadakveTa rogorc gra-
fikuli meTodis dros xdeba asrulebs v(s) damokidebulebis for-
mirebas. “Stop1” Rilakis gamoyenebiT matarebeli gaCereba warmoebs 
mTavar liandagze. maSin roca matarebelze vrceldeba siCqareTa 
SezRudva isarze moZraobisas vsargeblobT “Stop 2”RilakiT. vo da 
v–is “Textbox”–Si Segvyavs isarTan miaxloebis da masze usafrT-
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xod moZraobis siCqaris mniSvnelobebi, saisre manZilis Lisari da 
Lmat.Mmatareblis sigrZe (m). aRniSnuli moqmedeba iZleva imis 
saSualebas, rom movaxdinoT matareblis gaCereba praqtikaSi 
miRebuli nebismieri scenariT. rac programis universalurobaze 
da mis dadebiT mxareze miuTiTebs. 
matareblis moZraobis diferencialuri gantolebis integri-
reba wminda grafikuli an grafo-analizuri saxiT v(s), v(t) an  t(s) 
damokidebulebebis gansazRvras emyareba. sazogadod miRebuli 
grafikuli damokidebulebis gaanalizebiT xdeba saWiro infor-
maciis miReba, rac metad sapasuxismgeblo da amasTan damRleli 
procesia. erTia v(s) damokidebulebis grafikuli ageba, rac qmnis 
matareblis moZraobis vizualur suraTs sxvadasxva reJimSi misi 
moZraobisas da meorea, roca geometriuli manipulaciebiT aigeba  
v(t) an t(s) damokidebulebebi im mizniT, rom Semdeg grafikulad 
agebuli mrudebis gaanalizebiT miviRoT informacia moZraobis 
drois Sesaxeb. roca cifruli saxiT pirdapir SesaZlebelia 
saWiro informaciis miReba, araa aucilebeli v(t) an t(s)  damokide-
bulebebis ageba da amiT naxazis  gadatvirTva. moZraobis drois 
Sesaxeb sruli informacia programaSi moicema cxrilis saxiT da 
v siCqaris bijis simciris gamo mizanSewonilia ganisazRvros 
(wm.)-Si, xolo moZraobis v(s)  mrudis saboloo formirebis Semdeg, 
matareblis moZraobis mTliani dro ganisazRvros (wT.), romelic 
naCvenebia nax. 48-ze, “H” svetis boloSi. 
sazogadod programa Seqmnilia erTi fanjris principiT, 
Microsoft Office Excel 2007–is cxrilis sxvadasxva “Sheet”–ebi infor-
maciis gacvlis TvalazrisiT urTierTdakavSirebulia. cxrilis 
“Sheet 1” saxelwodebiT “gavlili manZili”–is Textbox–ebSi moce-
mulobaSi monacemebis SeyvaniT “Sheet 2”–Si angariSisaTvis saWiro 
cvladebis inporti “Sheet1”-dan xorcieldeba da araa aucile-
beli “moZraobis dro”–s gaangariSebisaTvis cxrilis am nawilSi 
damatebiT SeviyvanoT raime monacemi.  
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 “Sheet4”-Si “moZraobis mrudis ageba” xorcieldeba “Sheet 1” 
da “Sheet 2”–is saSualebiT, sxvadasxva moZraobis reJimisaTvis 
Seqmnili cxrilidan saWiro S da t mniSvnelobebis gamoyenebiT. 
 “Sheet5”-Si “(I)(S)” I lokomotivis denis S gavlil manZilze 
damokidebulebis ageba xorcieldeba “Sheet 4”-dan (ix. nax. 47 da 
nax. 48 “D” da  ”E” svetebi) v (s) damokidebulebisa da “Sheet 3” “ВЛ‐10 
lokomotivis denis mrudi”-s  “ВЛ-10” lokomotivis denis muSa 
maxasiTeblis gamoyenebiT (ix. nax. 49.) I (S) mrudis agema dawvrile-
biTaa ganxiluli naSromis 2.2.1. paragrafSi, programaSi aRniS-
nuli mrudis ilustracia naCvenebia nax. 50-ze analizuri saxiT. 
miRebuli Sedegi ilustrirebulia nax. 47-ze cxrilis “A” da ”B” 
svetebSi. programaSi grafikuli nawilis calke Sheet–ebSi 
ganTavseba da maTi Sedegis erT konkretul cxrilSi Tavmoyra, 
rogorc es naCvenebia nax. 47–ze (ix. “A : K” svetebi) metad mosaxer-
xebelia wevis gaangariSebis Catarebis Semdeg monacemebis anali-
zisaTvis. E 
eleqtromoZravi Semadgenlobis moxmarebuli el. energiis 
gansazRvra programaSi avtomaturad xorcieldeba moZraobis 
mrudebis agebis paralelurad. e.m.S. moxmarebuli el. energiis 
gansazRvra dawvrilebiTa ganxiluli 2.3. paragrafSi da ilust-
rirebulia nax. 46–ze. 
nax. 51-ze naCvenebia e.g.m.-is algoriTmi, romelic axasiaTebs 
wevis gaangariSebis warmoebisaTvis saWiro operaciebis Ses-
rulebis mimdevrobas. 
aseve moZraobis mrudebis agebis paralelurad mimdinareobs 
lokomotivis Zravis gaxurebaze Semowmebis procesi. aRniSnuli 
sakiTxi dawvrilebiTaa ganxiluli disertaciis pirveli Tavis  
2.4. paragrafSi. Zravis dasaSvebze metad gaxurebis SemTxvevaSi 
displeize gamodis Sesabamisi Setyobineba “Zravis gaxurebis 
temperatura cildeba normebs, Secvale moZraobis reJimi”. aRniS-
nuli Setyobinebis safuZvelze operatoris mier xorcieldeba 
Semdgomi moZraobis reJimebis koreqtireba.  
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nax. 46. v(s) mrudis ageba  da  matareblis moZraobis reJimebis 
marTva virtualuri Rilakebis gamoyenebiT. 
                
 
     
nax. 47. v(s) mrudis   gamoyenebiT moZraobis maxasiaTebeli si-
dideebis miReba da Sedegebis analizi 
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nax. 48. matareblis t  moZraobis drois gansazRvra (wT) 
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nax. 49. ВЛ-10 lokomotivis denis maxasiaTebeli 
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nax. 50. ВЛ-10 lokomotivis I (S) mrudi 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 51. e.g.m–ze wevis gaangariSebis warmoebis programuli da 
logikuri moqmedebebis algoriTmis bloksqema 
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3.daskvnebi 
 
naSromis Sesrulebis safuZvelze Camoyalibda Semdegi Ziri-
Tadi daskvnebi: 
1. nebismieri, maT Soris wevis gaangariSebisaTvis analizuri 
an grafikuli meTodiT, an e.g.m.–is saSualebiT SeTavazebulia 
gamoviyenoT ZiriTadi dif. gantolebebi Cawerili fardobiT 
erTeulebSi. 
2. fardobiTi erTeulebis gamoyeneba saSualebas iZleva uari 
vTqvaT specialur cxrilebze gadamyvani koeficientebisaTvis da 
cvladebis masStabebisaTvis. gaangariSebis Sedegebi, amasTan 
erTad iqneba universaluri xasiaTis mocemuli gzis profi-
lisaTvis. 
3. ZiriTadi gantolebis analizurad gadawyvetisaTvis SeTa-
vazebulia amaCqarebeli Zalis maxasiaTeblis aproqsimacia movax-
dinoT erTi wilad-wrfivi funqciiT, romelic sxva cnobil 
funqciebze ukeT axorcielebs amaCqarebeli da Semanelebeli 
Zaliebis aproqsimacias. 
4. samuxruWo da gorvis reJimis gaangariSebisaTvis SeTava-
zebulia am reJimis empiriuli formulebi aseve SevcvaloT igive 
saxis wilad-wrfivi funqciiT. 
5. Ee.g.m.-is gamoyenebiT mosamzadebeli samuSaos Catarebis 
dros gzis profilis elementebze gamoTvlebis cdomilebis 
Semcirebis mizniT mizanSewonilia uari vTqvaT profilis 
elementebis gaerTianebaze. 
6.   amaCqarebeli da Semanelebeli Zalebis wilad-wrfivi   
funqciiT aproqsimaciis Sedegad miRebuli analizuri 
gamosaxulebebi saSualebas iZleva maRali sizustiT 
ganvsazRvroT e.g.m. –ze  ∆S gzis da ∆t moZraobis drois 
segmenturi mniSvnelobebi siCqaris V=1 km/sT bijiT. 
7. matareblis moZraobis drois Sesaxeb sruli informacia 
e.g.m.-is programaSi SeTavazebulia moices cxrilis saxiT da 
V=1 km/sT siCqaris bijis simciris gamo mizanSewonilia 
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ganisazRvros (wm.)-Si, xolo moZraobis v(s)  mrudis saboloo 
formirebis Semdeg, matareblis moZraobis mTliani dro 
ganisazRvros (wT.) 
8. Ee.g.m.-ze wevis gaangariSebisas SeTavazebulia matareblis 
moZraobis saWiro reJimis arCeva moxdes marTvis virtualuri 
Rilakebis gamoyenebiT, riTac miiRweva gaangariSebis procesebis 
TvalsaCinod warmoeba da vizualizacia. 
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